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     ABSTRACT 
In 1st phase, the effort was made to asses the residues of pesticide and heavy metals in 
cauliflower and spinach that grown in peri urban areas of three districts e.g. Gujranwala, 
Faisalabad & Multan and also compare with their respective maximum residual limits 
(MRLs). In 2nd phase, the efficiency of chemical, alkaline and biological solutions to reduce 
the residues of pesticide and heavy metal have been elucidated. Results showed significant 
variation in residues of pesticide and heavy metals in cauliflower and spinach samples. In 
Gujranwala cauliflower samples, maximum residue (0.855 mg kg-1) of permethrin was 
observed.  In addition, maximum content (0.875 mg kg-1) of profenofos was found in 
Faisalabad cauliflower. Highest deltamethrin residue (0.337 mg kg-1) was explicated in 
cauliflower sample collected from Multan. In case of spinach samples collected from 
Gujranwala, maximum chlorpyrifos residue (0.575 mg kg-1) were detected, bifenthrin 0.623 
mg kg-1 in Faisalabad, whilst highest endosulfan residues (0.334 mg kg-1) were elucidated in 
Multan spinach. Additionally, data showed highest Zn residues within cauliflower sample 
collected from Gujranwala, Faisalabad and Multan as 4.517 mg kg-1, 1.734 mg kg-1 and 
7.448 mg kg-1, respectively. Likewise maximum residues of nickel (2.326 mg kg-1), 3.434 mg 
kg-1 and 2.793 mg kg-1 were found in spinach collected from Gujranwala, Faisalabad and 
Multan, respectively. Moreover, the pesticide residues reduced drastically when spinach 
samples were subjected to washing treatments irrespective to type of washing. Furthermore, 
the deltamethrin residues declined varying from 10.21 to 79.68%, cypermethrin 22.60 to 
89.99%, chlorpyrifos 22.95 to 94.21% and endosulfan 11.24 to 70.32%, respectively in 
spinach while the deltamethrin residues declined varied from 15.80 to 72.63 %, cypermethrin 
16 Effect washing treatments on reduction of nickel in cauliflower…………….. 121 
17 Effect of days on residues of deltamethrin in spinach ………………………. 125 
18 Effect of days on residues of chlorpyrifos in spinach……………………….. 126 
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24.03 to 79.13%, chlorpyrifos 23.37 to 85.47% and endosulfan 20.33 to 68.93%, respectively 
in cauliflower. Likewise, the heavy metal residues reduced significantly when the spinach 
was subjected to washing treatments. Moreover, the lead residues declined varying from 7.99 
to 32.96%, arsenic 7.03 to 26.8%, zinc 10.0 to 57.0%, nickel 9.0 to 29.0%, respectively 
whilst in cauliflower lead vary from 7.0 to 23.02%, arsenic 7.02 to 25.01%, zinc 11.0 to 
60.0% and nickel 4.03 to 21.04% respectively, irrespective to washing treatments. 
Conclusively, the present study showed that the vegetables must be washing carefully which 
help to reduce residues of pesticide and heavy metals. 
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CHPATER-1 
INTRODUCTION 
 Pakistan is an agricultural country sanctified with plenteous natural possessions like 
productive soil, irrigation water and miscellany of climate ranging from tropical to temperate. 
The agriculture sector plays a significant role in the economy of Pakistan and being ranked as 
the second major sector after industry. Agriculture sector contributes 21.4% in the GDP of 
Pakistan and it provides 45% employment to labor-force in the country. In Pakistan, the food 
crops including cereals, legumes, oilseeds, fruits and vegetables are grown to field its fast 
growing population. In Pakistan the agrochemical conditions are favorable for the production 
of 40 various kinds of fruits and vegetables. The vegetables are important part of our diet due 
to their high dietetic value. The major vegetables grown in Pakistan are onion, potato, 
melons, chilies, tomato, cucumber, okra, turnip, brinjal, cauliflower, spinach and peas (GOP, 
2012-13). 
 The vegetables are different from fruits that are edible portions of herbaceous plants 
and assumed as essential nutrients gifted to human being by The Almighty Allah. The 
vegetables plays an important role for the protection of health and prevention of various 
ailments, repair the organ of body, maintaining alkaline reserve of the body and possess high 
carbohydrate, vitamins and minerals contents (Marwat et al., 2009).  
 The vegetables like cauliflower and spinach are most commonly consumed by people 
all over the Pakistan. Cauliflower has high nutritional values, low fat content and contains 
high folic acid, dietary fiber, vitamin C and water. A lot of phytochemicals, riboflavin, 
ascorbic acid, carotene, folic acid and minerals like calcium, phosphorous and iron that is 
beneficial to human being are also present in cauliflower. The chemical configuration of 
vegetables shows high sugars content, water content, starch, protein, fat and energy in 
calories (Munteanu et al., 2011). 
 There is indiscriminate use of pesticides on vegetables in Pakistan. The farmers use 
pesticides on vegetables are unaware regarding technical knowledge and agricultural 
practices during the growth time even after harvesting. The use of pesticides without 
following recommended doses and time intervals results in accumulation of pesticides 
towards inner parts of vegetables and the pesticides accumulate in the form of residues in 
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vegetables. Pesticides are posing health hazards to consumers (Tariq et al., 2007). The 
vegetables are normally used in raw or semi-processed form, hence may hold on elevated 
amount of pesticide residues as compared to other foods of plant origin groups like bread and 
foodstuffs based on cereal processing (Claeys et al., 2011). The pesticide refers to those 
groups of chemicals that are applied on crops to control pests like insects, molds, fungi, 
rodents and weeds to boost up the production of food, forage and fiber by containing yield 
losses caused by the insect and pests (Leichtweisf, 2000). The pesticides are divided in to 
four groups such as organophosphates, organochlorine, pyrethroids and carbamates. 
Organophosphorus and organochlorine pesticides are used widely in the world to control 
insect pest attack on crops (Baig et al., 2009). 
 The Pakistan is one of the largest consumers of pesticides in the world after India. 
The Government of Pakistan starts the import of pesticides during 1970. The business of 
pesticides was shifted to the private sector during the year 1980. Since then, the 
indiscriminate use of pesticides increased consistently on crops. The insecticides uses on 
vegetables and fruits crops have been reported up to 27% of the total insecticides use, which 
poses hazards to the human health and the environment. Now a days different types of 
pesticides are used in Pakistan, 39 types of weedicides, 30 types of fungicides, 6 types of 
rodenticides, 5 types of acaricides and more than 108 types of insecticides (Hussain et al., 
2002). 
 The organochlorine pesticides shatter down very gradually. The exposure of 
organochlorine chemicals to a very minute concentration for a long period of time may 
ultimately lead to a considerable health hazards to living organisms. The organochlorine 
pesticides cause nervous system problems by binding the acetyl cholinesterase enzyme which 
transfers signals to the brain. The organophosphate pesticides cause reproductive problems 
by interfering with human reproductive enzymes. The synthetic pyrethroids are helpful 
against a broad spectrum of pests because of their choosy fast biotransformation, insecticidal 
activity and secretion by the mammalian catabolic system and their non-perseverance in the 
environmental conditions. The danger of pesticide residues left over on the food consumed 
exists at one time that is only due to overuse and gathering in food chain system. These can 
interfere with cell respiration and their long-term exposure and may produce anorexia, skin 
sensitization, and immune system damage (Cohn et al., 2007, Kumari, 2008).  
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 The heavy metals are defined as either single metals or compounds of metal 
compounds that have the tendency to impact to health of human. In general humans come in 
contact with these toxic elements through inhalation (breathing) or ingestion (drinking or 
eating). In small amounts, some of these metals are of nutritional significance for healthy life 
and are referred to as the trace elements e.g. zinc, iron, copper and manganese. Among these 
zinc and copper are necessary for vital physiological and biochemical roles and essential for 
sustaining health throughout life. Low zinc intake causes a variety of immunological 
problems while copper shortage results in anemia, skeletal defects and neutropenia but higher 
intake of Zn can result in abnormal growth and reproduction (Nolan, 2003). Living 
organisms usually need some of these metals at lower level and high intake will result in 
injuring effects (Chitmanat and Traichaiyaporn, 2010). 
 The contamination of heavy metals mostly occurs due the application of fertilizers, 
waste water irrigation, use of metal-based pesticides, industrial emissions and transportation 
on crops (Agrawal and Marshall, 2003). The contamination of soil is becoming 
environmental problem in Pakistan due to increasing heavy metals (Bhutto et al., 2009). The 
wastewater irrigation is the major contributor of heavy metal contents to the soil and 
vegetables ultimately they becoming a very serious issue in Pakistan because these effluents 
are heavily loaded with harmful metals and metallic compounds (Singh et al., 2004, 
Mapanda et al., 2005, Sinha et al., 2005; Sharma et al., 2006). 
 The heavy metals lead, cadmium, zinc and copper are the principal toxic 
contaminants present in food supply chain (Zaidi et al., 2005). In the long term deposition of 
heavy metals through the food stuff materials can lead to persistence in critical human organs 
and cause disruption of several biochemical processes that is affecting kidneys, nervous, 
cardiovascular disease and bone problems. The humans are generally exposed to these toxic 
metals by ingestion and inhalation. These may be ingested involuntarily through food and 
drink, dietetic contact. These heavy metals have been acknowledged as a danger to human 
health through the consumption of vegetables (Kachenko and Singh, 2006). 
 When the concentration of heavy metals increase above the maximum residues limits 
then they cause various types of diseases; arsenic causes pigmentation, irritation of skin, 
polyneuritis and black foot disease; cadmium causes congenital abnormalities, dried scaly 
skin, loss of sense of smell, hair loss and pregnancy toxemia; mercury causes neurological 
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signs; copper causes liver, kidney and brain damage; lead toxicity may results in bone 
disease, kidney damage, cardiovascular and nervous disorder; zinc can result in abnormal 
growth and reproduction (Divrikli et al., 2006). 
 The washing plays an important role for the reduction of pesticide residues in 
vegetables including potato, spinach, cauliflower, okra, brinjal and tomato. Elevated levels of 
endosulfan residues more than maximum residue limits (MRLs) detected in samples of 
tomato and brinjal at uncooked stage. By household processing endosulfan residues can be 
decreased below the maximum residue limits (Randhawa et al., 2007). The radish solution is 
more effective in case of organochlorine pesticides reduction while more residues of 
organophosphates have been removed by acidic, alkaline and neutral than organochlorine 
(Zohair, 2001). 
 The traditional washing methods are used to get rid of waste and filth prior to use 
vegetables because those are considered important for the reduction of pesticide and heavy 
metal residues. A series of washing solutions such as ozonated water, bleach solution and 
strong acid has been found successful in removing heavy metals, pesticides and chemical 
residues. The vegetable samples washed with clean tap water for 2–3 times result the 
reduction of heavy metal residues drastically. The washing contaminated load was eliminated 
best for lead and cadmium from 75–100% than those for Copper and Zinc 27– 55% (Singh 
and kumar, 2006) by washing. 
 The washing of vegetables with water removes particles and heavy metals deposited 
on the surface of vegetable mechanically (Sharma et al., 2008). For spinach, heavy metal 
reduction found to be 21%, 21%, 13% and 26% for Pb, Cd, Cr and Zn respectively but 
almost unaffected for Ni for unwashed and washed samples. For coriander, concentration of 
Cd, Pb, Cr, Ni and Zn decreased by 11%, 31%, 11%, 5% and 6% and for methi reduction 
pattern 14%, 13%, 15%, 17% and 13% for unwashed and washed samples respectively 
(Suruchi et al., 2011). 
The risks of pesticide residues in relation to human exposure are the defects in the 
central nervous system, haemangiomas, orofacial clefts, urogenital defects, 
circulatory/respiratory, gastrointestinal and musculoskeletal pathologies. Children have more 
risk due to chemical are more harmful to developing organs and bodily systems (Karam, 
2000). Acute pesticide poisoning result in symptoms like nausea, abdominal cramps, 
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diarrhea, dizziness, anxiety and confusion, which can be quite severe but are often reversible. 
Chronic pesticide poisoning is associated with respiratory problems, memory disorders, skin 
conditions, depression, miscarriage, birth defects, cancer and neurological conditions such as 
Parkinson disease. Fetuses, infants, growing children, pregnant and nursing mothers and 
women childbearing age are most at risk for adverse outcomes from exposure to pesticides 
(Bouchard et al., 2010) 
Ingestion of heavy metals through food can cause accumulation in organisms, producing 
serious health hazards such as injury to the kidney, symptoms of chronic toxicity, renal 
failure and liver damage. Systems in which toxic elements can induce impairment include the 
blood and cardiovascular, detoxification pathways (colon, liver, kidneys, skin), endocrine 
(hormonal), energy production pathways, enzymatic, gastrointestinal, immune, nervous 
(central and peripheral) reproductive and urinary (Sathawara, et al., 2004). Prolonged 
accumulation of heavy metals through food stuff may lead to chronic effect in the kidney and 
liver of humans and causes disruption of numerous biochemical processes leading to 
cardiovascular, nervous, kidney and bone diseases (Kachenko and Singh, 2006). 
 Since the dietary intake of contaminated food contribute significantly in the buildup 
of pesticides and heavy metals in the body and their detrimental impact becomes apparent 
only after several years of exposure. Regular inspection and monitoring of these pesticides 
and heavy metals in food stuff, industrial effluents and waste water is essential to prevent the 
contamination of food chain from these toxins.  
The significance of this research work is to create awareness among producers and 
consumers about food safety and hazardous effects on health by documenting the residues of 
pesticide and heavy metal contamination in spinach and cauliflower irrigated in sewage water 
grown in the peri-urban system of different districts of Pakistan. The hypothesis of the 
current research work is to observe the occurrence of pesticides and heavy metals in 
vegetables grown in different areas irrigated with sewerage water. Keeping in view persistent 
nature and cumulative behavior as well potential toxic effects of pesticides and heavy metals 
as a result of consumption of vegetables, there is a dire need to test and monitor these 
contaminants and to find out the most efficient way to get minimized these within food chain 
especially in vegetables. So the present study has been designed to determine the pesticide 
residues and heavy metals in two vegetables (cauliflower and spinach) collected from 
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different districts of Pakistan, compared the residues with their respective maximum residue 
limits (MRLs) and explore the efficiency of chemical and biological solutions to reduce the 
residues of pesticides and heavy metals. The objectives of the present study are given as 
under  
 To study the level of pesticide and heavy metal residues in different vegetables 
grown in peri-urban areas of three districts 
 To compare the level of contaminants (pesticides and heavy metals) with their 
respective maximum residual limits (MRLs) 
 To determine the status of agro-chemical contaminants in self-grown, supervised 
field trails 
 To elucidate the effects of processing techniques on fate of contaminants in 
vegetables 
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CHPATER-2 
REVIEW OF LITERATURE 
 The pesticides are the chemicals used by the farmers to protect their crops from the 
pest attack. Pesticides used in agriculture include insecticides, fungicides, nematicides and 
herbicides. In vegetables and fruit production, insecticides are used to control the insects and 
fungicides to control the diseases. These are directly applied to the crops and some pesticides 
may be present as residues on/in the vegetables and fruits after harvest. The vegetables 
grown by sewage water contain toxic amounts of heavy metals posing a potential danger to 
mankind. 
 A good deal of research has been carried out on the contaminants i.e. pesticide 
residues and heavy metals in foods. However, in the developing countries like Pakistan there 
is a discriminate use of pesticides to increase yield of food crops. Similarly the use of sewage 
water results in the accumulation of metals in vegetables. The safety of food plays important 
role in the growing vicinity of worldwide because it’s direct attitude on human health. 
Production of safe food is a very significant aspect of food quality assurance as well as health 
of human being. In modern decades, severe contamination of food by pesticides and heavy 
metals has been reported. Therefore, it is dire need to conduct research concerning the threat 
linked with use of food materials stained by pesticides, heavy metals and develop a new and 
efficient technology for their removal (D’Mello, 2003). The literature available on various 
contaminants is reviewed under the following headings: 
2.1 Vegetables role in human nutrition 
2.2 Pesticide residues in vegetables 
2.3 Mitigation of pesticide residues 
2.4 Heavy metals 
2.5 Heavy metals accumulation in vegetables 
2.6 Status of heavy metals in vegetables 
      2.7 Mitigations of heavy metals 
2.1. Vegetables role in human nutrition 
 The vegetables being a rich source of dietary fiber, vitamins and minerals have an 
imperative role in human diet (Wargovich, 2000). The vegetables provide micro-nutrients 
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like iron (19%), magnesium (16%) and calories (9%) of total body requirement. The 
vegetables have been described to reduce the chances of illnesses like cardio-vascular 
disturbance and cancer (jiang et al., 2003).   
 The cauliflower and spinach are most common vegetables consumed by the people in 
Pakistan. Cauliflower possess a high nutritional profile as it is rich in water, vitamins, folic 
acid and dietary fibers but less in fat. The spinach native to central and southwestern Asia 
and that is edible flowering plant in the family of Amaranthaceae. The spinach plays a vital 
role and contributes sufficient quantity of minerals and vitamins to human diet. They are 
good source of iron, calcium, phosphorus, folic acid, riboflavin, ascorbic acid and carotene. 
Generally vegetables contain higher contents of water, protein, starch, fat, energy value and 
sugars. The vegetables in human diet act as natural antioxidant as they perform the functions 
like modification of metabolic activity and carcinogens detoxification. Sometimes, even they 
are helpful in alteration of the different physiological mechanisms of tumor cells 
(Wargovich, 2000). The cultivated area under vegetable cultivation in Pakistan is only two 
percent and their share in the economy of Pakistan is only 0.22% out of world total vegetable 
overall export. The per capita daily intake of vegetables is 134 g, which is about 34% below 
the WHO recommendation of 200 g per day (GOP, 2012-13). 
 There are different seasonal vegetables consumed in different parts of the world. A 
continues availability of vegetables either fresh, frozen or canned is essential part of good 
living and good feeding as they impart variety and attractiveness to meal. In developing 
countries, the consumption of vegetables for health reasons is more important as they are 
valuable contributors of vitamins, minerals, essential proteins and also complement the 
starchy staple foods. Economically the vegetables are very beneficial crops and they provide 
excellent income generating opportunities to small farmers. In Pakistan, area under vegetable 
cultivation is about 0.22 million hectares with a total production of 2.88 million tons in 2009-
2010. Agro-climatic conditions of Pakistan are suitable for the cultivation of variety of 
vegetables. A range of seasonal vegetables are grown in different parts and seasons in the 
country. The fresh and edible portion of the herbaceous plant is referred to as vegetable. 
Because of their valuable functional components, they play significant role in the growth, 
repair, disease prevention and maintenance. They are classified on the basis of the part being 
consumed such as root, shoot, tuber, leave, seed and fruit (Robinson, 1990). 
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 The vegetables plays vital role and assumed natural source of nutrients gifted to 
human being by Almighty Allah. Carrot is rich source of vitamin A that is plays major role 
for normal vision. The vegetables including tomato and spinach contain sufficient amount of 
vitamin C that help for the prevention of disease scurvy. Potato is a rich source of starches 
and provide high amount of carbohydrates. Many types of vegetables contains high amount 
of dietary fiber which is most important for the prevention of constipation (Sonni Alvarez, 
2002).  
 The fruits and vegetables are rich source of vitamins, mineral elements, fiber and 
water but low in protein and energy. Vegetables may be consumed in the form of edible 
roots, stems, leaves, fruits or seeds and mostly require cooking for maximum digestion. Each 
vegetable has its own dietary significance and they contain essential food components which 
can be fruitfully used for repair and constructive purposes by the body. These are economical 
way to deal with diseases results from micronutrient deficiency such as kidney stones, skin 
diseases, night blindness, anemia, diseases of heart, lungs and breast (Wargovich, 2000). 
An immense variety of dark green leafy vegetables exists, many of which are known to be 
edible. Nutritionally, many edible leafy vegetables are excellent sources of carotene, folic 
acid, niacin, iron, Vitamin C and calcium. These have special importance in the prevention of 
vitaminosis A, a major cause of blindness in children. Leafy vegetables are best considered 
as vitamin and mineral supplements and they contain 1-4 percent protein in the fresh state 
and between 20-40 percent in dried form. In general, edible green leafy vegetables appear to 
be under-utilized throughout the world and in some areas even be diminished to use. These 
are inexpensive, high yielding, already part of the local diet and often easily available, but 
these have a low status frequently. Spinach also has several health benefits because of its 
high vitamins (C, K, B1, B6 and E) and mineral (manganese, iron, magnesium) contents. It 
helps to maintain the body pH balance because of its alkaline nature. These vegetables may 
be eaten as fresh leaves or in powdered form obtained by sun drying and or smoking. The 
nutrient contents of green leafy vegetables are known to be modified by storage and cooking 
procedure. These are significant crop and are susceptible to a number of devastating insect 
pests. Pesticides were supposed an important part of present farming and playing a main role 
for controlling insect pests in maintaining maximum agricultural production. Insecticides 
sprayed on various vegetables did not stay on the beleaguered area. Therefore, there are 
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concerns about ecological effects and human health affected by these pesticides exposure 
from several years. High number of human’s insecticides poisoning are occurring in 
Pakistan. Efficient use of Insecticides was usually subjected by information possessed by the 
vegetable farmer (Ajaz Akhtar et al., 2007)   
2.2. Pesticide residues in vegetables 
 The residues of pesticide can be defined as the trace amounts of the metabolites and 
active substances in pesticides which stay on food commodity, following their application 
during pre-harvest or post-harvest handling. Physiochemical properties of the compound and 
atmospheric conditions are the two main factors affecting the degradation rates of pesticides 
(Galt, 2009). When high concentrations of pesticide residues are ingested, they can cause 
poisonings but such kind of poisonings come into view relatively rare (Chan, 2001). 
 There are different indices used in literature for the representation of level of 
pesticide residue intake. One of these indices being most commonly used is the “maximum 
residue limits” abbreviated as MRLs. The maximum residue limit refers to the maximum 
level or amount of residue of a pesticide (mg kg-1) in food produce and livestock feed legally 
allowed by “Codex Alimentarius Commission”. The acceptable daily intake abbreviated as 
“ADI” refers to the approximate quantity of a chemical/substance in the food commodity that 
can be consumed on daily basis throughout the individual’s lifetime without significant 
health hazard to the consumer. It can be represented on the basis of body weight. The 
approximate nutritional ingestion of the pesticide residue present in food is found out by 
multiplying the amount of the food eaten with the level of residue in that food. The average 
daily intake value of pesticide residue obtained in this way should be lower as compared to 
its pre-decided ADI (WHO, 2003). 
The pesticide use in Pakistan is well below the level of the developed countries, but due to 
ineffective legislation, lack of awareness of the harmful effects and technical expertise 
among the farming community, pesticide usage is not being properly regulated. The 
injudicious and indiscriminate applications of pesticides to crops result in different food 
commodities. The farmers commonly use pesticides to control insect pests because these 
chemicals have a rapid outcome and are available in the farmers approach without any 
difficulty. Spraying of inappropriate chemicals, excessive application, inappropriate timing, 
the wrong combination of chemicals and spurious chemicals lead to insecticide resistance 
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which ultimately lead to the usage of even higher doses of pesticides by the farmers. 
Development of insecticide resistance can occur within one or two cropping seasons after the 
introduction of a new chemical (Qaim, 2005). 
There several insects/pests attack the vegetables at different stages of their growth resulting 
in 35-40% loss in the yield of vegetables. There are various means of plant protection to 
overcome this problem, such as biological, cultural, chemical control and integrated pest 
management (IPM). Chemical control is considered the method of choice for curtailing these 
losses and pesticides are repeatedly applied during the entire period of growth and even after 
harvest. Globally, the pesticides are used to protect crops from insects and consequently 
increase production which is believed to assists in solving the problem of food shortage. 
However, pesticide use and management creates several environment and agriculture 
resource sustainability (FAO, 2002), and health consequences. In fact some studies have 
shown the net effect of pesticide use is negative on agriculture productivity (Qaim, 2005). 
 In Pakistan, pesticides application is not being appropriately synchronized with the 
requirements causing the accumulation of pesticides residues in food commodities. These 
residues pose health risks to the end users. Harvesting/picking and marketing of the treated 
food commodities is done without waiting period between the last spray and harvest period. 
Presence of pesticide residues in any food commodity above the respective MRLs after 
harvesting is important regarding food safety. Consumption of such food commodities is 
very dangerous for human health as these residues disturb several physiological functions of 
human body. They also pollute the air, soil and water in our environment (FAO, 2002). 
Furthermore, exportable commodities like vegetables and fruits having residues of pesticides 
have no acceptance in international markets at all. The reason behind low acceptance is the 
restrictions regarding pesticide residues on food commodities imposed by World Trade 
Organization (Khan et al., 2009). 
 The insecticides sub-classes organophosphorus pesticides (OPPs) have the property 
of relatively higher acute toxicity as compared to organochlorine. At the same time they are 
capable of rapid degradation in hot environment than organochlorine compounds that have 
been prohibited. But the residues of organochlorine are still present as toxin in food and 
environment. The organophosphate pesticides (OPPs) include a broad range of compounds 
with herbicides, fungicides and others insecticides. They are applied worldwide in agriculture 
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sector as well as in house-hold gardens. Consequently, more than 1,000 active ingredients 
have been included in approximately 35,000 formulations of pesticides used in agriculture 
sector now-a-days. Recent records disclose that major share of severe pesticide toxicity in 
human beings is contributed by OPPs (Ecobichon, 2001).  
 The food production has been increased with the help of pesticides application. This 
increase in food production is parallel to the population intensification in many countries of 
the world. Use of insecticides has controlled or eliminated many insect-borne diseases. 
Insecticides are being used as chemical weapons of warfare and OPPs may be the source of 
acute or chronic poisonings after suicidal or accidental exposure. In developing countries like 
Pakistan OPPs is the well-known group of chemicals used as suicidal agent. According to an 
estimate, annually 3,000,000 people are victims of insecticides exposure leading to 300,000 
fatalities approximately. Intentional or accidental ingestion or exposures to pesticides used in 
agriculture sector are the common sources of toxicity. Other possible sources of 
organophosphorus toxicity include eating of infected vegetables, flour, cooking oil, fruits and 
using the polluted clothes (Athar et al., 2008). 
 The vegetables and fruits from Malaysian market were examined for pyrethroids and 
organochlorine residues. Cypermethrin was detected having a mean of 0.47 mg/kg in 38 
samples of 302 and the mean value of brinjal, Chinese celery, chili, tomato, Chinese parsley, 
capsicum, green mustard, and French bean fell in a range of 0.16-1.48 mg/kg. Except from 
brinjal, the mean values of all the samples were below MRLs allowed by the Malaysian Food 
Regulations (Zawiyah et al., 2007). The pesticide residues have been reported in fruits (apple 
& banana) and vegetables (brinjal and cauliflower) collected from the market of Islamabad 
Pakistan. The residues of dimethoate was 0.110 mg/kg in banana, 0.032 mg/kg in apple, 1.80 
mg/kg in cauliflower, 0.004 mg/kg in brinjal and chlorpyrifos 0.004 mg/kg in brinjal and 
fenvalerate 0.010 mg kg-1 in apple (Tahir et al., 2001). 
A research experiment was conducted to find out the efficient method that can quantify the 
pesticide residues present in brinjal and cauliflower. Both the vegetables were tested to assess 
the residues of chlorpyrifos, cypermethrin.  Extraction of residues was done using saturated 
sodium chloride, anhydrous sodium sulphate along with ethyl acetate as solvent. Clean-up of 
extract was done with ethyl acetate and hexane mixture (3:7 v/v) as elution mixture. Florisil 
and charcoal column was used for clean-up purpose and determination of the residues was 
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carried out using GC-ECD. Recovery of the pesticide residues was more than 90% while 
using 5% coefficient of variation. The method used for determination was found to be 
acceptable for the pesticide residues analysis present in brinjal and cauliflower with high 
accuracy and sensitivity (Chandra et al., 2010). 
An experiment was conducted to find out the frequency and magnitude of pesticide residues 
in cauliflower grown in vegetable producing areas in Punjab, India. For this purpose, 50 
cauliflower samples were procured from different locations of province. Determination of 
residues of different pesticides belonging to three major classes of pesticide including 
pyrethroids, organophosphates and organochlorine was carried out using GC-FTD, GC-ECD 
systems employing multi-residue technique. Out of 50 samples, 21 samples had residues with 
measureable level. Among the target pesticide classes, OPPs residues had high magnitude 
and frequency of occurrence as compared to pyrethroids and organochlorine. Out of 50 
samples, 3 cauliflower samples had residues of chlorpyrifos at mean level of 0.02 mg/kg. 
Acephate were also present in 3 samples at mean level of 0.19 mg/kg. Fenamiphos were 
observed in 5 samples at mean intensity of 0.08 mg kg-1. Profenofos were detected in only 
one sample at concentration of 0.08 mg kg-1. Residues of quinalphos were found in 3 samples 
at mean level of 0.06 mg kg-1 (Mandal and Singh, 2010). 
A study was designed to investigate residues of OPPs, pyrethroids and fungicides including 
chloronitriles and triazoles existing in fruits and vegetables grown in Xiamen, China. Among 
the recommended pesticides for pest control, evaluation of residues of 22 pesticides was 
conducted by GC system equipped with electron capture detector. Among 1135 samples 
(37.7%) contaminated with pesticide residues, leaf mustard, cabbage and legumes were the 
most contaminated commodities. Out of total 3009 analyzed samples, 353 samples (11.7%) 
were found to exceed the respective MRLs. The maximum residues of acephate were 
detected in cabbage at level of 0.035 mg kg-1. Chlorpyrifos residues were present in broccoli 
at highest concentration of 0.061 mg kg-1. Residues of dichlorovos in grapes were observed 
at maximum intensity of 0.0156 mg kg-1. Celery was found to be contaminated with 
dimethoate at a concentration of 0.033 mg kg-1. Legumes were found to contain residues of 
methamedophos a level of 0.09 mg kg-1. Phorate residues at level of 0.005 mg kg-1in celery 
were not acceptable at any level. Legumes had residues of triazophos at maximum level of 
0.033 mg kg-1 (Chen et al., 2011). 
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 The study was conducted to determine the pesticide residues in seasonal vegetables 
samples collected at farm gate from Hisar. Total 84 samples of vegetables were analyzed for 
pesticide residues and experiment was conducted using multi-residue analytical technique 
employing GC-NPD and GC-ECD systems. Results indicated that contaminated samples of 
vegetable having pesticide residues above MRL were 26%. Organophosphorus pesticides 
were the main contaminants and synthetic pyrethroids were the second most contaminating 
group followed by organochlorine. Out of 84 samples, 23% samples had residues of 
quinalphos, chlorpyrifos and monocrotophos exceeding their respective MRLs. Three 
samples of brinjal and one sample of each of cauliflower, smooth gourd and okra had 
monocrotophos residues above their respective MRL value. Likewise, three samples of 
cauliflower and eight samples of cabbage contained residues of chlorpyrifos higher than the 
respective MRLs (Kumari et al., 2004). 
 The analysis of brinjal, okra and onion leaves was carried out to find out the 
insecticide residues on these vegetables in India. Vegetable were found to be polluted with 
different pesticides above their MRLs. Organophosphate residues occurred most frequently 
as compared to that of organochlorine. Among the organophosphorus pesticide residues, 
chlorpyrifos and monocrotophos went beyond their respective MRLs in 23% and 36% 
samples of fenugreek and brinjal. Three samples of each of brinjal and okra had 
monocrotophos residues more than their respective MRLs. Chlorpyrifos in onion leaves 
samples exceeded the value of their respective MRL (Giri, 2006). The pesticide residues 
cause risks to human are the defects in the central nervous system, haemangiomas, orofacial 
clefts, urogenital defects, circulatory problems, gastrointestinal and musculoskeletal 
pathologies. Heavy metals are the principal harmful contaminant of food supply and cause 
significant problems to our surroundings. Long-term deposition of heavy metals through food 
commodities may lead to problems in liver and kidneys of humans and causes disruption of 
several biochemical cycles leading to nervous, cardiovascular and bone. The food safety 
issues and health risks prospective make this as one of the most severe ecological concerns 
(Chen et al., 2005). 
 The group of pyrethroids pesticides and organochlorine compounds were studied 
using chromatographic procedures because they have a better capacity and accessibility of 
decision detectors discrimination (Fernandez et al., 2002), mostly chromatography (GC) with 
31 
 
electron capture detector (ECD) were used (Colume et al., 2001b). For the investigation of 
pesticide residues of organochlorine and pyrethroids in fruits and vegetables, mostly gas 
chromatography (GC) with electron capture detector has been used (Adeyeye and Osibanjo, 
1999). The residues of profenofos was observed in okra (25%), eggplant (17%) and 
Pumpkins (5%) (Baig et al., 2009). The residues of dimethoate  was determined in different 
vegetables spinach 0.032mg/kg, brinjal 0.004 mg/kg and cauliflower 1.80 mg/kg, 
chlorpyrifos residues was found in brinjal 0.004 mg/kg (Tahir et al., 2001).  
 The Pakistan is one of the biggest consumers of pesticides in the world after India. 
The pesticides import in Pakistan was started in 1970 by the Government of Pakistan. Later 
on, the pesticides business was handed over to the private sector during the year 1980. Since 
then, the use of pesticides on crops consistently increased. The use of insecticides on fruits 
and vegetable crops has been reported to be 27% of the total insecticide used; this alarmingly 
high usage rate poses hazards to the human and the environment (Hussain et al., 2002). 
Although the application of pesticides and fungicide may be indispensable to crop 
production, yet it leaves behind toxic residues of these chemicals. The US Environment 
Protection Agency (EPA) reported pesticides in food as one of the nation's most serious 
threats to human health and environment (WHO, 1992). The presence of pesticide residues in 
soil is also a potential danger to soil micro fauna/flora and upon uptake by plants, these 
residues can enter into the food chain. The pesticides can find their way into the groundwater 
through leaching, channeling (downward percolation) and direct spillage or by wind drift. 
The pesticide residues in soil, drinking and ground water and food crops have been reported 
in many developed and developing countries such as UK, USA, Denmark, China, Sub-
tropical Asian countries, Lebanon, Egypt, Jordan, Palestine, Kuwait, Iran and India (Shi et al 
2005, Wang et al., 2005; Bildeman and Leone 2002; Kumari et al., 2003; 2004). 
 The health problems are more intense in the developing countries. Due to high rate of 
illiteracy and low socio-economic status of farmers in developing countries like Pakistan, 
these people are considered the most susceptible to exposure of pesticide and its poisoning. 
The poor health condition of farmers and adverse condition of environment in Pakistan is due 
to faulty pesticide practices and the use of toxic pesticides in agricultural practices (WHO, 
1998). The problem in Pakistan is very severe as almost all growers use pesticides carelessly, 
unlawfully and beyond the standard measures and recommendations.   
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 The risks of pesticide residues in relation to human exposure are the defects in the 
central nervous system, cardiovascular disorder, haemangioma, orofacial clefts, 
gastrointestinal and musculoskeletal pathologies. The illiteracy in farmers and the 
indiscriminate use of insecticides pose a potential threat to local inhabitants, indigenous agro-
ecosystem and to export of food commodities. The illiterate farmers spray vegetables, even 
after harvesting, usually to force pests inside not to peep out which might reduce the market 
price. They are often harvested on daily basis and in many cases these are sprayed almost 
daily. This may create a serious problem to the health of the consumers so sensate the 
consumer on the health consequence of high pesticide residue on vegetables. The most 
vulnerable group in handling pesticide use is sprayers who are mostly poor men and women. 
In this project, the health consequences of pesticide management and awareness of the 
sprayers about pesticide effect on their health will be evaluated, this information will be used 
to train the sprayers and other people engaged in pesticide management on optimum 
pesticide handling practices (Karam et al., 2000). 
 The residues of imidacloprid in vegetables, fruits and water samples were determined  
by using gas chromatography equipped with mass spectrometry that were procured from the 
West Bank of Palestine. The extraction of the collected samples was done by using 
water/methanol. The imidacloprid insecticides along with its derivatives were oxidized into 
6-chloronicotinic acid, consequently derivative to 6-chloronicotinic acid trimethylsilyl ester 
prior to be determined by GC/MS. The maximum and the minimum concentrations of 
imidacloprid reported in eggplant 0.46 mg/kg and in green beans were 0.08 mg/kg 
correspondingly. An increasing trend of 11–120% in the concentration of imidacloprid was 
observed that was compared with the results of the previous years. This observation 
suggested that the residual concentrations of imidacloprid in different crops were exceeding 
the maximum residue limit of the European Union (Ayman et al., 2007). 
2.3. Mitigation of pesticides residues  
            The ordinary washing techniques to remove the debris and dirt from vegetables have 
been assumed the best method to reduce residues of pesticides. Many washing solutions were 
used to remove the pesticide residues in vegetables including ozonated water, strong acid and 
chlorine solution. The washing decreased the water soluble pesticides imidacloprid (27.69%), 
and emamectin benzoate (24%). The important factors during the washing operation were the 
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solubility of pesticides in tap water as well as in detergent water. Therefore, detergent 
washing increased the solubility and reduced the pesticides from its MRL value. Blanching 
treatment also reduced the imidacloprid 48.95% and emamectin benzoate 41.7%. This 
technique was more effective in eliminating pesticide residues as compared to tap water 
washing (Singh et al., 2004). 
 The effect of washing, peeling and cooking on pesticides containing endosulfan 
residues (ER) was found in levels of winter vegetables such as spinach, cauliflower, potatoes 
and summer vegetables like okra, eggplant and tomato grown under controlled-supervised 
field trials. During this study the highest residue of endosulfan was present at the brinjal 
(2.43 mg/kg), followed by okra (1.83 mg/kg) and in spinach (1.25 mg/kg) and lowest 
residues were found in potato (0.177 mg/kg). Peeling reduces endosulfan residues 60-67%, 
cooking 13-35% and washing 15-30%. The highest levels of endosulfan were found in 
samples of eggplant and tomatoes in the first stage which was above the maximum residue 
limits (Randhawa et al., 2007). 
 The research was carried out to study the residues of pyrethroids and organochlorine 
compounds in the fruit and vegetable procured from market in Malaysia. Gas 
chromatography with electron capture detector (GC-ECD) was used for this experiment to 
investigate the amount of pesticide residues. Out of 302 plant samples 38 was found with 
cypermethrin with a mean value of 0.47 mg/kg. The average value of cypermethrin for green 
beans, mustard greens, tomatoes, peppers, eggplant and celery ranged from 0.16 to 1.48 
mg/kg. The mean values of all samples of vegetables were lower than maximum residue 
limits (MRLs) certified by the Malaysian Food Regulations (Zawiyah et al., 2007). The study 
was conducted to reduce the organochlorine residues soaking in different solution acetic 
solution 5% reduce 69%, 10% reduce 95%, Tap water 15%, Sodium chloride solution 5% 
reduce 35% and 10% reduce 50.6% (Soliman, 1999).  
 The treatments washing, peeling and cooking effect on residue levels of deltamethrin 
in some summer and winter vegetables were determined. The collected samples were from 
trials conducted under controlled conditions. The highest deltamethrin residues were detected 
in spinach at raw stage followed by cauliflower and okra. The residues of deltamethrin 
recorded to be lowest in potato. After washing the highest deltamethrin residues were 
detected in spinach followed by okra and cauliflower. The washing reduced deltamethrin 
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residues from10 to 35%, peeling reduced 76 to 80% and heat treatment lowered further, there 
are 19 to 40% in all tested vegetables (Randhawa et al., (2007). 
 The study was conducted in which residue levels of synthetic pyrethroids, 
organochlorine (OC) and carbamates were determined in  processed and raw vegetables e.g. 
okra, cauliflower and brinjal, to know the levels of pesticide residues and to estimate the 
various household processes effect like boiling and washing for residues reduction. From 
local market with unusual time interval samples were purchased. Pesticides residues were 
determined by using Gas Chromatograph (GC), with nitrogen phosphorous detector (NPD) 
and electron capture detector (ECD) set with Capillary columns. By washing residues can be 
reduced up to 20-77% and by boiling up to 32-100% in these vegetables. In brinjal highest 
reduction of organophosphate insecticide was observed about (77%), followed in cauliflower 
74% and in okra 50% by washing. Similar trend in boiling process was observed where 
highest reduction of organophosphate insecticides was observed in brinjal (100%) followed 
in cauliflower and okra (92%, 75%) respectively. Boiling was relatively more useful than 
washing in the reduction of pesticides residues (Kumari, 2008). 
 Soaking of vegetables in acidic solution (ascorbic acid, acetic acid, citric acid and 
hydrogen peroxide) indicate a prominent reduction of pesticide residues. Sodium chloride is 
largely used to remove pesticides residues from fruit and vegetables. Pesticide residues can 
be removed by simple washing. However, hot washing and blanching is more effective than 
cold washing (Ahmed et al., 2011). The application of detergent solutions was much 
effective in reduction of residual pesticides and 20 minutes washing with detergent solutions 
reduced pesticide residues from 31.1%-98.8%. Among different dipping solutions 5% 
sodium bicarbonate showed greatest reduction in fenitrothion and chlorpyrifos and 
dichloryos, dimethoate and trichlorfon were remarkably reduced by the application of 5% 
sodium carbonate. Ultrasonic cleaning reduced the residues by 49.8-84.4% and 60.9-90.2% 
reduction occurred by storing at 40C for 48 hours (Liang et al., 2012). 
 The vegetables spinach, potato, cauliflower, tomato, okra and brinjal were grown 
under controlled field trails to study and check the effect of washing, peeling and cooking on 
deltamethrin residues. Deltamethrin residues for raw spinach, cauliflower and okra were 
0.421, 0.306 and 0.285 mg kg-1, respectively. Residual deltamethrin was found to be lowest in 
potato 0.023 mg kg-1. After giving washing treatment highest deltamethrin residue was 
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detected in spinach (0.378 mg/kg) followed by okra (0.242 mg/kg) and cauliflower (0.208 
mg/kg). Washing, peeling and cooking were helpful in reducing deltamethrin residues from 
10-35%, 76-80% and 19-40% respectively. But deltamethrin residue was less than MRLs in 
all analyzed samples (Randhawa et al., 2008). Bonnechère et al. (2012)  examined the effect 
of industrial and household processing on residual pesticides by spraying one insecticide 
(deltamethrin) and four fungicides (propamocarb, iprodione, boscalid and mancozeb). 
Quantification of five pesticide residues was done to check the effect of household and 
industrial processing. Washing and blanching reduced the residues concentration by 10-50% 
and 10-70% respectively. By the application of heat in the presence of water also was helpful 
in enhancing the removal of residues. Sterilization was able to reduce pesticides residues to 
99%, whereas microwave cooking reduced residues up to 39%. Other than deltamethrin the 
cumulative loss varied between 50-95% of the pesticides residues. 
 Washing decreased the water soluble pesticides imidacloprid (27.69%) and 
emamectin benzoate (24%). The important factor during the washing operation was the 
solubility of pesticides in tap water as well as in detergent water. Therefore, detergent 
washing increased the solubility and reduced the pesticides from its MRL value. Blanching 
treatment also reduced the imidacloprid 48.95% and emamectin benzoate 41.7%. Blanching 
was more effective in eliminating pesticide residues as compared to tap water washing 
(Fidente et al., 2005). The residual level of organochlorine and pyrethroids were determined 
in unprocessed and processed vegetables like brinjal, okra and cauliflower to check the 
residual level and assess the effect of washing and boiling. Residues were estimated using 
GC with electron captured detector and nitrogen phosphorus detector. Washing decrease the 
residual pesticide level by 20-79% while cooking decrease pesticide level by 32-100% in all 
three vegetables (Kumari, 2008). 
 The vegetables soaking in acidic solution (acetic acid, ascorbic acid, citric acid and 
hydrogen peroxide) point out an outstanding decline of pesticide residues (Wheeler, 2002). 
Sodium chloride is mainly used to remove pesticides residues from fruit and vegetables. 
Pesticide residues also removed by simple washing. Nevertheless, blanching and hot washing 
is more efficient than cold water washing (Ahmed et al., 2011). A study was conducted to 
prove the efficiency of alkaline solution (sodium carbonate), acidic solutions (acetic acid, 
ascorbic acid, citric acid and hydrogen peroxide) neutral solution sodium chloride as well as 
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tap water washing for removal of residues of organophosphate and organochlorine from 
naturally polluted potatoes was investigated. Results shows radish solution was more 
effective in case of organochlorine pesticide while more residues of organophosphates were 
removed by acidic, alkaline and neutral than organochlorine (Zohair, 2001). A study was 
conducted to determined endosulfan I, endosulfan II, endosulfan ether, endosulfan lactone, 
endosulfan sulfate and endosulfan diol in various biological media was determined by 
GC/ECD. The part where pesticides were eluted was dried out, dissolved in hexane, doping 
with standard internal as p, p0 dichlorobenzophenone then injection done by needle into a 
GC/CD. The individualism of each chemical was complete by gas chromatography mass 
spectrometry (GC/MS) (Fernandez et al., 2002).  
 A study was conducted to conclude that different concentrations of sodium chloride 
and acetic acid, preserving in refrigerator, stir-frying and simple washing with tap water was 
effective to reduce the pesticides (chlorothalonil, cypermethrin, chlorpyrifos and p,p- DDT) 
residual levels of cabbage. Washing by tap water (for 20 min) reduce 17.6%, 17.1%, 19.1% 
and 15.2%, respectively likewise with acetic acid solutions (at 10% concentration for 20 min) 
reduce 79.8%, 65.8%, 74.0% and 75.0% above pesticides, respectively. Moreover, with NaCl 
solutions (at 10% concentration for 20 min) produced 67.2%, 65.0%, 73.3% and 74.1% loss, 
respectively. The reductions due to stir-frying (for 5 min) were 86.6%, 67.5%, 84.7% and 
84.8%, respectively and those due to refrigeration (for 48 h) were 3.4%, 2.6%, 3.1% and 
3.6%, respectively. Results also concluded that stir-frying and washing by detergent solutions 
were the most efficient way of eliminating pesticides residues (Zhang et al., 2007). 
2.4. Heavy metals 
 The heavy metals are defined as either individual metals or metal compounds that can 
impact human health. In general humans come in contact with these toxic elements through 
drinking or eating and breathing. In small amounts, some of these metals have nutritional 
significance for healthy life and referred trace elements e.g. zinc, iron, copper and 
manganese. Among these zinc and copper are necessary for vital physiological and 
biochemical roles and essential for sustaining health throughout life. Low zinc intake causes 
a variety of immunological problems while copper shortage results in anemia, skeletal 
defects and neutropenia but higher intake of Zn can result in abnormal growth and 
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reproduction (Nolan, 2003). Living organisms usually need some of these metals at lower 
level and high intake will results in injuring effects (Chitmanat and Traichaiyaporn, 2010). 
The heavy metals are among the most toxic food pollutants and gain most importance due to 
their hazardous effect to our nature (Zaidi et al., 2005). This problem is turning into very 
severe issue with the passage of time especially in developing countries like Pakistan, India 
and Bangladesh. Metals are non-biodegradable materials, have comparatively long half live 
and results in deleterious effects due to their ability to accumulate in various body parts and 
causing health consequences with high magnitude (Sathawara et al ., 2004). 
 The heavy metal contamination of food chain has gained special attention worldwide 
due to their disease causing potential and some other defects result from their low level 
intake. Dietary exposures to toxic metals (lead, cadmium, arsenic and copper) have been 
known as a danger to human health through the intake of different vegetables (Kachenko and 
Singh, 2006). This condition results in varying degrees of health complications depending on 
the extent of exposures (Demirezen and Ahmet, 2006). 
 In the healthy diet plan vegetables hold central position because of their high 
nutritional value. The vegetables constitute valuable proportion of carbohydrates and protein 
to diet (Sobukola et al., 2010). These are not only involved in the maintenance of good health 
but also disease preventive in nature. They considered important due to their high 
carbohydrate, vitamin and mineral contents (Thompson and Kelly, 1990). In addition to 
seasonal classification, vegetables are also classified on the basis of part which we consume 
as root, tuber, flower, fruit and leafy vegetables. Each category benefits the body in its own 
way. The trace elements are major pollutants of fruits and vegetables (Mapanda et al., 2005). 
Heavy metals find their way in vegetables through root system as well as from polluted air 
(Sobukola et al., 2010). These cultivated in the vicinity of urban areas and in heavy metal 
polluted soil, absorb high amount of these toxic materials and ultimately become unfit for 
human consumption because of their deleterious health effects (Long et al., 2003). 
 The use of waste water for crop cultivation recognized as important source of heavy 
metals in soil (Mapanda et al., 2005). Excessive levels of metals in vegetables are stated due 
to use of untreated waste water for long time (Sharma et al., 2008). The existence of metallic 
compounds in fertilizers imparts an extra source of metal contamination for vegetables 
(Yusuf et al., 2003). Atmospheric uptake of heavy metals from gas emission has also been 
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recognized as a significant way of heavy metal pollution in vegetable crops (Kaur, 2006). 
Heavy metal pollution of agricultural land and crops in the surrounding area of mining has 
been considered as a primary environmental concern (Khalil and Saleemullah, 2004). The 
residues of heavy metals such as lead in leafy vegetables (0.15 μgg-1) and tuberous 
vegetables (0.001 μgg-1), Hg present in leafy vegetables (0.02 μgg-1) and in root vegetables 
(0.001 μgg-1), The heavy metal arsenic found in vegetables fruits (0.083 μgg-1) and 
cauliflower (0.014 μgg-1)  (Perveen et al., 2003). Cadmium (Cd) was found in leafy 
vegetables (0.09 μgg-1) and root vegetables (0.002 μgg-1) (Nergus et al., 2005). Leafy 
vegetables and fruit contain Cd, Pb and Ar at 0.6 μgg-1, 0.15 μgg-1and 0.008 μgg-1, 
respectively (Sharma et al., 2009). 
2.5. Heavy metals accumulation in vegetables 
 The heavy metals and their compounds rapidly contaminate agricultural land and 
becoming an alarming issue throughout the world. In different countries such as Australia 
and New Zealand, regulation and guidelines have been developed regarding the heavy metals 
that contaminate food chain and environment (McLaughlin et al., 2000). In recent past, 
Bunzl et al. (2001) investigated contamination of vegetables with heavy metals like, Cu, Pb 
and Zn. The uptake differences by leafy vegetables are attributed to plant differences in 
tolerance to heavy metals (Itanna, 2002). It has been estimated that food from plant origin 
contributes about half of the mean ingestion of lead, cadmium and mercury (Ismail et al., 
2011). 
 The metal contamination of soil and plants increases due to rapid industrialization and 
urbanization during the past few decades. Significant elevation in some heavy metals in the 
shoot of some edible vegetables from industrial areas when compared to the ones from 
residential areas was also observed. Air or soil from which metals are taken up by the root or 
foliage of the plants is the main reservoir of these metals. Certain trace metals are required by 
the plants for their metabolic processes but their excessive accumulation harms the consumer 
(Sharma et al., 2004). Soil parent materials, industrialization, different agricultural practices 
and human activities (anthropogenic sources) are the main sources of heavy metals (Bilos et 
al., 2001; Hlavay et al., 2001; Koch and Rotard, 2001). 
 The wastewater irrigation is also important contributor of toxic heavy metals, which 
are problematic (Sinha and Dalwani, 2005). Too much accumulation of heavy metals in 
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agricultural soils through wastewater irrigation not only results in soil contamination but also 
affect food quality and safety (Muchuweti et al., 2006). Vegetables absorb and accumulate 
the heavy metals in their edible and inedible portion in sufficient amount to cause clinical 
problems both to animals and human beings consuming these contaminated foods (Alam et 
al., 2003). Atmospheric metals are deposited on plant surfaces by rain and dust. Several 
authors have shown a relationship between atmospheric element deposition and elevated 
element concentrations in plants and top soils, especially in cities and in the vicinity of 
emitting factories (Vousta et al., 1996; Srinivas et al., 2002). Many factors including urban, 
industrial and household activities and traffic contribute significantly to increasing the load 
degree with heavy metals containing particles of inferior atmosphere from where these 
particles will settle down on the plants foliage system and soil. Many times, the plants foliage 
system is represent the edible part of vegetables lettuce and parsley. This toxicant are 
overtaking in the different edible parts of vegetables and fruits by physiological path, either 
from soil, from leaves surface or with these kinds of chemicals loaded irrigation water 
(Lacatusu et al.,2008). 
 The excessive intake of toxic metals can cause severe complications in humans and 
animals. Consumption of fruits and vegetables loaded with heavy metals such as Cd, Pb or 
even Cu and Zn are reported to cause cancer. There are already published works related to 
the incidence of gastrointestinal cancer (Turkdogan et al., 2002) and cancer of the pancreas, 
urinary bladder or prostate (Waalkes and Rehm, 1994). Lead, cadmium and chromium were 
found to be accumulated in the shoot and roots of plants at low, medium or high levels (Yang 
et al., 2003; Chandra and Kulshrestha, 2004; Adeyeye, 2005). 
 Cadmium and lead are among the most abundant heavy metals. The permitted level of 
cadmium in diet is 0.1μgg-1. High levels of cadmium results in adverse health effects and 
cause various diseases such as cancer, kidney damage, diarrhea, vomiting and tubular growth 
(Young, 2005). The level of lead is higher than the recommended (0.2 μgg-1) in humans, 
cause bones, pancreases, gum, liver, nervous system, teeth and blood diseases. Lead toxicity 
results in reduction of hemoglobin synthesis, joints pain, kidney damage, defects in 
reproductive, cardiovascular and nervous systems (Ogwuegbu and Muhanga, 2005).  
Contamination of land with toxic metals is increasing rapidly and becoming planning, 
economic and safety issue in Pakistan (Bhutto et al., 2009). Because of their large surface 
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area leafy vegetables uptake much higher levels of heavy metals as compare to other 
vegetables (Itanna et al., 2002). Heavy metals are the most hazardous contaminants of soil 
ecosystem as well as food supply all over the world (Zahir et al., 2009). 
 Transfer of heavy metals from soil to plant is the major path way of human exposure 
to these contaminants (Watanabe et al., 2000; Jin et al., 2002). The uptake of metal by roots 
depends on several factors such as plant species, speciation of metal, metal compound and 
their solubility etc. Absorption of metals in vegetables and fruits are influenced by several 
factors including: heavy metals contents in soil, composition and intensity of atmospheric 
deposition, including precipitations, phase of plant vegetation. To all of these, can be added 
other sources generated by agricultural technologies such as: irrigation with wastewater, the 
administration of organic and mineral fertilizers with the load of heavy metals, or application 
of pesticides, which contain in their structure such chemical elements (Singh, 2004; Sharma 
et al., 2006). 
2.6. Status of heavy metals in different vegetables 
 The metals are very important element of our ecosystem as these impart positive role 
in various life processes as homeostasis, coordination of different body organs and enzyme 
actions. When metals concentrations exceed their maximum permissible limits, these might 
be life threatening and cause impairments of excretory, digestive, circulatory and nervous 
systems. Vegetables cultivated in the peri urban areas have been found to be heavily 
contaminated with heavy metals.  As the area under cultivation remains the constant but our 
population increases rapidly so the challenge of food security is becoming harder. In order to 
ensure the food security there has been extensive and imbalance use of agricultural inputs 
such as fertilizers and pesticides during the last few decades.  Such negative activities of 
humans significantly contaminate our environment. Various human activities not only 
contaminate soil ecosystem but also food chain all over the world with different heavy metals 
(Zahir et al., 2009). 
 Some of these metals such as zinc, sodium, calcium and potassium are considered as 
essential elements required in a minute quantity for coordinating various metabolic functions 
of body. Excess of these elements can be destructive and may cause toxicity. Long-term 
exposure to these contaminants even in a minute quantity has lethal effects on human health 
and other living creatures, due to lack of their facilities for degrading. Metals such as arsenic, 
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lead, copper, cadmium, and mercury are comprehensive toxic substances (Qadir et al., 1999). 
Farid (2003) conducted study to assess the role of waste water irrigation in accumulation of 
heavy metals in vegetables and reported contamination of spinach, cauliflower and eggplant 
with Cd, Cr and Ni. The reported quantity of cadmium was 0.06 mg kg-1, 0.05 mg kg-1and 
0.07 mg kg-1in spinach, cauliflower and eggplant respectively. Chromium contents were 
11.12, 15.37 and 10.55 mg kg-1respectively.  The nickel quantity analyzed to be 14.67, 29.27 
and 11.82 mg kg-1. 
 A group of scientist, Long et al. (2003) estimated the level of  micronutrient  such as 
copper, zinc, iron and manganese to be 0.70 , 0.42 , 2.67 and 0.53 mg kg-1and heavy metal 
contents i.e. nickel, cadmium, lead and chromium were to be 2.23 , 0.03 , 0.52 and 0.71 mg 
kg-1, respectively, in sewage water irrigated spinach. Higher level (0.02 μgg-1) of mercury 
was found in fenugreek, leafy vegetables and the lower contents (0.001 μgg-1) were found in 
root/tuberous vegetables and fruity vegetables (okra) was found to be heavily contaminated 
with arsenic (0.083 μgg-1) whereas the minimum level (0.014 μgg-1) was detected in 
cauliflower (Nergus et al., 2005).  
 A Research study was conducted by Maleki (2008) who found Cu, Cd, Cr and Pb 
contents at the level of 11.50, 13.60, 0.31 and 7.90 mg kg-1respectively, in different 
vegetables grown on sewage water. The safe limits of Cu, Cd, Cr and Pb as described by the 
National Nutrition and Food Research Institute were 2.50, 0.07, 1.72 and 2.96 mg kg-1, 
respectively. From this research study he concluded that these vegetables are unsafe for 
human consumption. The nickel, cadmium and lead contents were determined in spinach and 
cauliflower grown on industrial effluent polluted land in Bangladesh and results indicated 
that nickel, cadmium and lead contents in spinach were in the range of 1.26-5.31μg g-1, 0.55-
1.40 μg g-1 and 0.76-1.44 μg g-1, respectively. Similarly cadmium, nickel and lead were 
found in cauliflower to be in the range 0.50-0.78 μg g-1, 0.48-1.11 μg g-1 and 1.69-4.44 μg g-1  
respectively (Naser et al., 2009). 
 The spinach and radish were found to be more responsible than other vegetables for 
the accumulation of heavy metals in humans through the edible portion (Intawongse and 
Dean, 2006). Sharma et al. (2009) also testified As, Pb and Cd at 0.008 μgg-1, 0.15 μgg-1 and 
0.6 μgg-1 respectively, in leafy and fruity vegetables. Heavy metal level of different 
vegetables cultivated with sewage and canal water indicated that the highest level of Pb 
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(10.52 and 14.25 mg/g) was found in coriander and spinach respectively. The higher contents 
of Cu (34.3 mg/g) were found in tinda and the lower amount (2.65mg/g) in turnip, cadmium 
contents ranges from 0.29-2.95 mg/g in these vegetables. Canal water irrigated spinach had 
the maximum Pb (9.72 mg/g) and Cu (10.75mg/g) contents (Butt et al., 2005). A study was 
conducted to identify the safety of vegetables raised by using sewage water for irrigation and 
results indicated that the trace metals Pb, Cd, Cr, Ni and Zn were present in range 1.87-3.04 
mg kg-1, 1.25-6.54 mg kg-1, 0.74-1.53 mg kg-1, 4.98-15.52 mg kg-1and 9.21-19.42 mg kg-1, 
respectively in different vegetables (Randhawa et al., 2007). 
 A study was conducted by Khan et al. (2010) who estimated the levels of different 
trace metals in vegetable that had been procured from the peri urban area of Gilgit. Zinc, 
lead, copper, cadmium and nickel concentrations were analyzed in different vegetables. The 
level of cadmium, copper, lead and zinc in these vegetables were found to be in the range of 
0.24-2.10 mg kg–1, 9-48 mg kg–1, 9-44 mg kg–1 and 7-35 mg kg–1 respectively. Because of 
very high level of these metals in vegetables, these were regarded as unsafe for human 
consumption.  
 Experimental study was done by Abbas et al. (2010) who analyzed the vegetables to 
estimate the level of toxic metals such as arsenic, mercury, cadmium in Sindh. These 
vegetables were grouped into cucurbits, root, tuberous, fruit and leafy vegetables. The 
analysis showed the average concentration of As, Hg, Cd and Pb in leafy vegetables was 
found to be approximately 0.042, 0.008, 0.083 and 0.05μgg-1, respectively. The average 
concentrations of these elements in roots and tuberous vegetables were estimated to be 0.045, 
0.004, 0.057 and 0.03μg g-1, respectively. The quantity of Pb, As, Hg and Cd in cucurbits 
was found to be 0.051, 0.056, 0.0089 and 0.021μg g-1, respectively. Similarly in fruit bearing 
vegetables the amounts were 0.067, 0.054, 0.007 and 0.035μg g-1, respectively. The result 
indicated that due to high surface area and high absorption ratio, leafy vegetables are more 
contaminated with these toxic metals. Ismail et al. (2011) analyzed the concentration of Cu, 
Ni, Co, Mn, Ca, Zn, K, Na, Fe and Mg, were analyzed in onion, potato, chili paper, okra, 
ginger, tomato and mint. Cobalt, zinc, potassium, sodium, manganese, iron, calcium, 
magnesium, copper and nickel contents in these vegetables were in the range of 0.1038-
0.1266 mg kg-1, 0.44-0.55 mg kg-1, 2.3-38.5 mg kg-1, 1.5-2 mg kg-1, 0.0526-0.1435 mg kg-1, 
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1.5-29.0 mg kg-1, 0.3-3.35 mg kg-1,1.191-32.0 mg kg-1, 0.1-1.9 mg kg-1and 0.05-0.18 mg kg-
1, respectively. 
2.7. Mitigation of heavy metals in vegetables 
 The washing of vegetables prior to consumption not only removes debris and dirt but 
also expected to decrease heavy metal and pesticide contents. Solutions of chlorine, ozonated 
water and strong acids have been proven effective in the removal of heavy metals and 
pesticides residues for vegetable washing (Pugliese et al., 2004). Washing as a practice is 
very common and effective in most households as easily available plain water and readily 
available chemical solutions can be used for vegetable washing in house hold kitchen (Krol 
et al., 2000). Salt, baking soda, distilled vinegar and potassium permanganate are the 
chemicals most commonly used for this purpose (Extension Toxicology Network, 1996). 
Preer et al. (1980) washed leaves of lettuce that had been growing near a heavily travelled 
road in water and removed 70% of lead found in leaf. There was about 75 to 100 percent 
reduction in lead and cadmium and about 27 to 55 percent reduction in copper and zinc 
contents when the vegetable samples were washed two to three times with clean tap water 
(Sing and kumar, 2006). 
 Reduction in heavy metal contents by washing suggests that heavy metals reached on 
the vegetables by aerial deposition and stick to them. The washing of vegetables with water 
removes particles and heavy metals deposited on the surface of vegetable mechanically 
(Sharma et al., 2008). Another study was conducted to check the effectiveness of washing 
treatment in reducing the level of toxic metals in vegetables. For spinach, heavy metal 
reduction was found to be 21%, 21%, 13% and 26% for Pb, Cd, Cr and Zn respectively but 
almost unaffected for Ni for unwashed and washed samples. For coriander, concentration of 
Cd, Pb, Cr, Ni and Zn were decreased by and 11%, 31%, 11%, 5% and 6% and for methi 
reduction pattern is 14%, 13%, 15%, 17% and 13% for unwashed and washed samples 
(Suruchi et al., 2011). 
 Atmospheric depositions of heavy metals on vegetables during marketing are a major 
source of heavy metal contamination in urban areas. The percent reduction in heavy metal 
concentrations in vegetables by washing ranges from 23-68% in different vegetables 
(Agrawal and Marshal, 2003). The higher magnitude of reductions in heavy metal 
concentrations in washed sample as compared to unwashed samples clearly depicts that post-
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harvest processes such as transportation and marketing can elevate the levels of heavy metals 
in vegetables (Singh and Kumar, 2006). 
 As the heavy metals are not easily biodegradable therefore have potential to 
accumulate in different human organs. Considering the toxic potential and tenacious nature 
of heavy metals as well as importance of vegetables in human nutrition there was a dead need 
to check and analyze these food stuffs for these contaminants and find out the most efficient 
way to get rid of them. So in present study, I have analyzed the concentrations of heavy 
metals and minerals in unwashed, chemically and biologically washed cauliflower and 
spinach. Results of the present study indicated the heavy metal reduction potential of 
different chemical and biological solutions to find out the most efficient way to mitigate 
these toxic metals. 
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CHPATER-3 
   MATERIALS AND METHODS 
 The vegetables including cauliflower and spinach were grown by farmers in peri-
urban areas of three districts of Punjab, Faisalabad, Gujranwala and Multan was collected. 
The detail of the study is described below 
Phase 1 
3.1. Selection of farmers 
 Ten farmers were selected randomly for each vegetable (cauliflower and spinach) in 
the peri-urban area of each district Faisalabad, Gujranwala and Multan. 
3.2. Collection of samples 
 The vegetable samples were collected at optimum maturity stage in triplicate from the 
peri-urban areas of each district Faisalabad, Gujranwala and Multan. The samples of each 
vegetable were procured from the selected farmers in three replicates and were kept in 
polyethylene air tight bags. The vegetables collected from districts Gujranwala and Multan 
were stored at -40oC in cold stores available in the respective cities and then transported to 
the laboratory of National Institute of Food Science and Technology, University of 
Agriculture, Faisalabad for further processing. However, the vegetables collected from 
Faisalabad were brought directly to the laboratory in polyethylene bags after collection and 
processed immediately. 
3.3. Samples preparation for pesticide residues 
3.3.1. Extraction of residues 
 The residues of different pesticides were extracted from the homogenized sample 
using the method of Kadenezki et al., (1992) with some modifications reported by Khan et 
al., (2009). The vegetable samples were chopped into small pieces on clean chopping boards 
with stainless steel knife to prevent any other contamination. One kg of the chopped sample 
was blended in a Blender so that homogenous slurry/paste is formed. Ethyl acetate was used 
as solvent because of its efficient recovery. According to this method 50 g of homogenized 
sample was taken in 250 ml Erlenmeyer ﬂask. 20 g anhydrous sodium sulphate (HPLC 
grade) was added and mixed in homogenized vegetable sample in flask to prevent the clod 
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formation. 10 ml saturated sodium chloride solution was added in the mixture. 75 ml ethyl 
acetate (HPLC grade) was added in the sample. The glass beads were added in the mixture in 
order to facilitate the extraction process. The mixture in flask was shaken at a speed of 240 
rpm on a horizontal mechanical shaker for time period of 1 hr. The extract was collected in 
inert plastic bottle. The sample extract was filtered using Whatman (No.4) ﬁlter paper. The 
filtered extract was stored at -40oC before further analysis. 
3.3.2. Clean-up of filtered extract 
 The pesticide residues analysis requires high sensitivity as these are present in traces. 
Therefore, to get high sensitivity, cleanup operation was carried out so that interfering 
substances in the extract could be removed and precise measurement of residues could be 
done. For this reason, residues of different pesticides were cleaned up using column 
chromatographic technique as reported by Kumari et al., (2008). 
 The glass wool was used to support the column and that was located at the bottom of 
column. The silica gel and charcoal were activated at 200oC for 24 hours before the filling of 
column. The activated charcoal and silica gel were mixed at ratio of 7:5 (w/w). A thin layer 
of anhydrous sodium sulphate was placed on glass wool. The activated mixture (12 g) of 
silica gel and charcoal was placed on sodium sulphate layer. The activated mixture was 
covered with thin layer of anhydrous sodium sulphate and glass wool respectively. The 
washing of the prepared column containing the adsorbents with acetone (HPLC grade) was 
done just before using the column. The flow rate through the column was also adjusted at the 
rate of 1 ml per minute before loading the target sample. 
 After column preparation, loading of sample extract was done and the extract was 
eluted using 50 ml of acetone and hexane mixture (3:7 v/v). The cleaned up elute was 
received in 150 ml round bottom flask. Elute was then concentrated in rotary evaporator at 
40oC up to 1-1.5 ml. The concentrated elute was transferred to small vials of volume 1.5 ml 
by using glass suckers for this purpose. The elute in the vial was placed under gentle stream 
of nitrogen until elute had completely dried 
3.4. Analysis of pesticide residues 
 Determination of different pesticide residues were done by using GC-ECD analysis as 
illustrated by Chandra et al., (2010) with some modification. 
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• Inlet Temp.                                         280 oC 
• Detector                                            ECD 
• Detector Temp.                                   320 oC 
• Injection volume                                 2µL 
• Carrier gas                                          N2 
• Total flow                                            60 mL min-1 
• Column                                                HP-5 MS  
• Column flow                                        2 mL min-1 
3.4.1 Oven conditions 
 Initial Temp. 150 oC for 2 min 
 Temp. increase up to 210 oC at rate of 10 oC min-1 and isothermal for 2 min 
 Temp. rise up to 310oC at rate of 10 oC min-1 and isothermal for 10 min 
3.5 Sample preparation for heavy metals 
3.5.1. Size reduction 
 Collected samples of cauliflower and spinach were reduced to appropriate size by 
using knife to facilitate the further processing. 
3.5.2. Sample drying 
 The vegetable samples were kept in hot air oven at 70 to 80 oC till complete dryness. 
3.5.3. Sample digestion 
 The dried vegetable sample (2g) were taken into a Pyrex beaker, 10ml of 
concentrated HNO3 were added to it and kept overnight without heating. It was then heated 
on a hotplate near to dryness, the sample was cooled and 5ml HClO4 were added and heated 
again. The digestion was complete when the samples become colorless and then were filtered 
into a clean volumetric flask and diluted to 50ml with double de-ionized water (Nwajei, 
2009) 
3.5.4. Preparation of standards   
 The standard solutions of all the metals (Ni, Pb, Zn, Cu, As and Hg) were prepared 
from the stock standard solutions containing 1000 ppm in distilled water. Calibration and 
measurement of elements were carried out through atomic absorption spectrophotometer.  
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3.6. Determination of trace metals 
 The residue of heavy metals Ni, Pb, Zn, Cu, As and Hg 
were determined by using Varian GTA 120 AA 240 Graphite Atomic Absorption Spectro-
photometer (AOAC, 2006). 
Phase 11 
3.7. Supervised field trial 
 Two vegetables cauliflower (Brassica oleracea L.) and spinach (Spinacia oleracea L.) 
were grown in the experimental field of Chak No 217 RB, Faisalabad. Each vegetable was 
grown in a separate plot where known quantity of selective pesticide was applied. One kg 
sample of each vegetable was obtained at the time of optimum maturity. The samples were 
immediately transferred to the laboratory of National Institute of Food Science and 
Technology, with minimum delay after harvesting to determined pesticide residues in 
cauliflower and spinach samples as per detail given below: 
3.8. Sample preparation for pesticide and heavy metal residues 
 The collected samples of cauliflower and spinach were reduced to appropriate size by 
using knife to facilitate the further processing. 
3.8.1 Sample treatment 
 One kg sample of cauliflower and spinach was further processed with different 
washing solutions as given in Table 1. Each treatment was dipped in washing solutions for 
duration of 10 minutes at 30 0C (Zohair, 2001). 
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Table 1: Washing treatments plan 
 
  Treatments 
                 
    Concentrations (%) 
 
 
 
T0 Fresh Samples 
 
- 
 
 
- 
 
- 
 
- 
 
- 
 
T1 Tap water washing 
 
- 
 
 
- 
 
- 
 
- 
 
- 
 
T2 Acetic acid 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T3 Citric acid 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T4 Sodium chloride 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T5 Sodium carbonate 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T6 Ginger extract 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T7 Garlic extract 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T8 Radish extract 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
T9 Lemon extract 
 
2 
 
 
4 
 
6 
 
8 
 
10 
 
3.8.2. Sample blending 
 The washed vegetables were blended by using commercial blender to make 
homogeneous paste of pulp and juice. 
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3.8.3. Extraction of residues for pesticide residues 
 The residues of different pesticides were extracted from the homogenized sample 
using the method of Kadenezki et al., (1992) with some modifications reported by Khan et 
al., (2009). The vegetable samples were chopped into small pieces on clean chopping boards 
with stainless steel knife to prevent any other contamination. One kg of the chopped sample 
was blended in a Blender so that homogenous slurry/paste is formed. Ethyl acetate was used 
as solvent because of its efficient recovery. According to this method 50 g of homogenized 
sample was taken in 250 ml Erlenmeyer ﬂask. 20 g anhydrous sodium sulphate (HPLC 
grade) was added and mixed in homogenized vegetable sample in flask to prevent the clod 
formation. 10 ml saturated sodium chloride solution was added in the mixture. 75 ml ethyl 
acetate (HPLC grade) was added in the sample. The glass beads were added in the mixture in 
order to facilitate the extraction process. The mixture in flask was shaken at speed of 240 
rpm on a horizontal mechanical shaker for time period of 1 hr. The extract was collected in 
inert plastic bottle. The sample extract was filtered using Whatman (No. 4) ﬁlter paper. The 
filtered extract was stored at -40oC before further analysis. 
3.8.4. Clean-up of filtered extract 
 The pesticide residues analysis requires high sensitivity as these are present in traces. 
Therefore, to get high sensitivity, cleanup operation was carried out so that interfering 
substances in the extract could be removed and precise measurement of residues could be 
done. For this reason, residues of different pesticides were cleaned up using column 
chromatographic technique as reported by Kumari et al., (2008). 
The clean chromatographic columns were used for this purpose. The glass wool was used to 
support the column and that was located at the bottom of column. The silica gel and charcoal 
were activated at 200oC for 24 hours before the filling of column. The activated charcoal and 
silica gel were mixed at ratio of 7:5 (w/w). A thin layer of anhydrous sodium sulphate was 
placed on glass wool. The activated mixture (12 g) of silica gel and charcoal was placed on 
sodium sulphate layer. The activated mixture was covered with thin layer of anhydrous 
sodium sulphate and glass wool respectively. The washing of the prepared column containing 
the adsorbents with acetone (HPLC grade) was done just before using the column. The flow 
rate through the column was also adjusted at the rate of 1 ml per minute before loading the 
target sample. 
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 After column preparation, loading of sample extract was done and the extract was 
eluted using 50 ml of acetone and hexane mixture (3:7 v/v). The cleaned up elute was 
received in 150 ml round bottom flask. Elute was then concentrated in rotary evaporator at 
40oC up to 1-1.5 ml. The concentrated elute was transferred to small vials of volume 1.5 ml 
by using glass suckers for this purpose. The elute in the vial was placed under gentle stream 
of nitrogen until elute had completely dried 
3.8.5. Analysis of pesticide residues 
 For determination of different pesticide residues the re-dissolved samples were 
subjected to the GC-ECD analysis as illustrated by Chandra et al., (2010). 
3.8.6. Drying of vegetable samples for heavy metal residues 
 The vegetable samples (three replicates of each washing treatment) were kept in hot 
air oven at 70-80 oC till complete dryness. 
3.8.7. Grinding of samples 
 The dried vegetable samples of different parts of vegetables were ground into a fine 
powder (80 mesh) using a commercial blender and stored in polyethylene bags for further 
test. 
3.8.8. Sample digestion 
 The powdered vegetable sample (0.5-1.0g) was taken into a Pyrex beaker; 10 mL of 
concentrated HNO3 was added to it and kept overnight without heating. It was then heated 
on a hotplate, and after evaporation near to dryness, the sample was cooled and 5 mL HClO4 
was added and heated again. After digestion was complete, the sample was filtered by using 
Whatman No. 42 filter paper into a clean volumetric flask and diluted to 50mL with double 
de-ionized water (Nwajei, 2009).  
3.8.9. Preparation of standards   
 The standard solutions of all the metals (Ni, Pb, Zn, Cu, As and Hg) were prepared 
from the stock standard solutions containing 1000 ppm in distilled water. Calibration and 
measurement of elements were carried out through atomic absorption spectrophotometer.  
3.8.10. Determination of trace metals 
 The heavy metals Ni, Pb, Zn, Cu, As and Hg digested vegetable samples was 
determined by using Varian GTA 120 AA 240 Graphite Atomic Absorption 
Spectrophotometer (AOAC, 2006).   
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3.9. Effect of days interval on pesticide residues 
 The vegetable samples were collected from the supervised field trials for analysis of 
pesticide residues after spraying intervals of 3, 6, 9 and 12 days. 
3.9.1. Procedure  
The vegetables cauliflower (Brassica oleracea L.) and spinach (Spinacia oleracea L.) were 
grown in the experimental field of Chak No 217 RB, Faisalabad. Each vegetable was grown 
in a separate plot where known quantity of selective pesticide was applied. One kg sample of 
each vegetable was obtained at different day’s interval 0, 3, 6, 9 and 12. The samples were 
immediately transferred to the laboratory of National Institute of Food Science and 
Technology, with minimum delay after harvesting to determined pesticide residues in 
cauliflower and spinach samples. The pesticide residues in different vegetable samples was 
extracted by using the method of Kadenezki et al., (1992) with some modifications suggested 
by Khan et al., (2009). The pesticide residues analysis requires high sensitivity as these are 
present in traces. After extraction of pesticide samples the residues of different pesticide were 
clean using column chromatographic technique as reported by Kumari et al., (2002). The 
pesticide residues were determined by subjecting to the GC-ECD analysis as described by 
Chandra et al., (2010). 
3.10. Statistical analysis 
 The data obtained for each parameter was subjected to statistical analysis to 
determine the level of significance (Steel et al., 1997). The experiment was performed by 
using complete randomized design to determine the residues of pesticides and heavy metal 
and the analysis of variance was applied to determine the level of significance. Moreover the 
data about reduction of pesticide and heavy metals in vegetables was obtained by using 
factorial design under CRD. 
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CHPATER-4 
RESULTS AND DISCUSSION 
 The pesticides play a significant role to increase the productivity of crops for feeding 
the fast growing population of the world. Despite enormous benefits of pesticides they also 
leave residues in the food chain that pose a lot of problems to human health and environment. 
Similarly, heavy metals also create health hazards, which may accumulate in the food crops 
from the polluted irrigation water. In the present study, In 1st phase, the vegetable samples 
collected from three district Gujranwala, Faisalabad and Multan were analyzed for the 
determination of different pesticides such as Organochlorine, Organophosphate and 
pyrethroids residues and heavy metals including Nickel (Ni), Lead (Pb), Zinc (Zn), Copper 
(Cu), Arsenic (As) and Mercury (Hg) that compared with their maximum residues limits 
(MRLs). In 2nd phase, two vegetables spinach and cauliflower were grown in two locations 
and the samples were collected from supervised field and then determined the efficiency of 
chemical and biological solutions to reduce the residues of pesticide and heavy metal. The 
results of the present study are presented and discussed hereinafter. 
4.1. Pesticide residues in cauliflower collected from different districts 
 Statistical results for all pesticide residues regarding cauliflower collected from 
Gujranwala, Faisalabad and Multan districts have been given in Table 2, 4 & 6. The results 
indicated that the pesticide residues differed significantly among different samples obtained 
from different farmers. The results pertaining to mean values of all pesticide residues 
detected in cauliflower are revealed in Table 3, 5, 7. It is obvious from the current findings 
that maximum residual level of deltamethrin, permethrin, cypermethrin,  profenofos, 
triazophos, chlorpyriphos, bifenthrin and endosulfan in cauliflower samples collected from 
District Gujranwala were 0.335 mg kg-1, 0.855 mg kg-1, 0.195 mg kg-1, 0.164 mg kg-1, 0.186 
mg kg-1, 0.125 mg kg-1, 0.125 mg kg-1and 0.236 mg kg-1 whilst the minimum was found as 
0.013 mg kg-1, 0.045 mg kg-1, 0.045 mg kg-1, 0.085 mg kg-1, 0.005 mg kg-1, 0.023 mg kg-1, 
0.025 mg kg-1and 0.006 mg kg-1, respectively. The pesticide dimethoate was not detected in 
any sample. The maximum residual limits for all pesticide residues have been mentioned in 
FAO (2003). It is also evident that among cauliflower samples, four samples of deltamethrin 
were found exceeding maximum residue limit (MRLs) i.e. 1 mg kg-1 showing that 40% of the 
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cauliflower samples tested had residue level above MRLs. The deltamethrin in three 
cauliflower samples were not detected while three samples contained pesticide residues 
which fall below the (MRLs). However; two out of ten cauliflower samples, possessed 
permethrin residue limit exceeding MRL of 0.5 mg kg-1. This showed that 20% cauliflower 
tested samples possessed residue level above MRLs. In other case (permethrin), five 
cauliflower samples were found to have no pesticide residues and three samples contained 
pesticide residues falling below the MRLs. The cypermethrin in six cauliflower samples 
could not be detected and two samples possessed that pesticide below the MRLs. Only two 
cauliflower samples exceeded their MRLs of 1 mg kg-1 indicating that 20% cauliflower 
samples has residue level of cypermethrin above MRLs. On the other hand, four samples 
were found to have no profenofos and two samples possessed pesticide falling below the 
MRLs. The mean values indicated that four samples of cauliflower possessed profenofos 
residue limit exceeding MRLs 0.1 mg kg-1. The result further showed that out of ten 
cauliflower samples, two samples were found exceeding triazophos MRLs of 0.1 mg kg-1 
indicating that 20% cauliflower tested samples had residue level above MRLs. However, in 
five cauliflower samples, triazophos was not observed while three cauliflower samples 
contained pesticide that fall below the MRLs. The results further showed that out of ten 
samples of cauliflower, two samples exceeded chlorpyriphos MRLs of 0.05 mg kg-1 
indicating that 20% cauliflower tested samples had residue level above MRLs. Conversely, 
four samples were not contaminated with chlorpyriphos while four samples were 
contaminated with that residue which falls below MRLs. Among cauliflower samples, no 
sample was found exceeding bifenthrin MRLs of 0.4 mg kg-1. However, in seven cauliflower 
samples bifenthrin was not detected while three cauliflower samples contained residue that 
fall below the MRLs. Only one sample of endosulfan exceeded their MRLs of 0.1 mg kg-1 
indicating that 10% cauliflower samples had residue level above MRLs. In contrast, eight 
samples were found to have no endosulfan while one sample contained pesticide having 
below the MRLs.  
 The results pertaining pesticide residues in different cauliflower samples collected 
from District Faisalabad showed variable results. The pesticide residues varied as 
deltamethrin ranged from 0.046 to 0.278 mg kg-1, permethrin 0.021 to 0.125 mg kg-1, 
cypermethrin 0.039 to 0.334 mg kg-1, profenofos 0.006 to 0.875 mg kg-1, triazophos 0.015 to 
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0.416 mg kg-1, chlorpyrifos 0.003 to 0.314 mg kg-1, bifenthrin 0.058 to 0.584 mg kg-1, 
endosulfan 0.005 to 0.323 mg kg-1and dimethoate 0.044 to 0.296 mg kg-1, respectively. It is 
also evident that among cauliflower samples, two deltamethrin samples were found 
exceeding their MRLs i.e 1 mg kg-1 showing that 20% of the cauliflower samples tested had 
residue level above MRLs. However; in five cauliflower samples deltamethrin was not 
detected while three samples contained pesticide which falls below MRLs given in FAO as 
mentioned above. On the other hand, eight cauliflower samples were found to have no 
permethrin residues and one sample contained pesticide residues falling below the MRLs. 
The results further showed that out of ten cauliflower samples, one sample possessed residue 
limit exceeding their MRLs of 0.5 mg kg-1. This showed that 10% cauliflower tested samples 
possessed residue level of permethrin above MRLs. However, in cauliflower six samples, 
cypermethrin residues could not be detected and two samples possessed pesticide residues 
which were below the MRLs. The results further showed that out of ten cauliflower samples, 
two samples possessed residue limit exceeding their MRLs of 1 mg kg-1. This showed that 
20% cauliflower tested samples possessed residue level of cypermethrin above MRLs. On 
the other hand, four samples were found to have no profenofos and three samples possessed 
residue falling below the MRLs. The results further showed that out of ten cauliflower 
samples, three samples possessed residue limit exceeding their MRLs of 0.1 mg kg-1. This 
showed that 30% cauliflower tested samples possessed residue level of profenofos above 
MRLs. The eight samples were not contaminated with triazophos while one sample was 
contaminated with residue which falls below the MRLs. Only one cauliflower samples 
exceeded their MRLs of 0.1 mg kg-1. Though, in four cauliflower samples chlorpyriphos was 
not detected while three cauliflower samples contained pesticide that falls below the MRLs. 
The result further showed that out of ten samples of cauliflower, three samples possessed 
residue limit exceeding their MRLs of 0.05 mg kg-1. This showed that 30% cauliflower tested 
samples possessed residue level above MRLs. Conversely, eight samples were found to have 
no bifenthrin and one sample possessed pesticide residue falling below the maximum resides 
limits. The result further showed that out of ten samples of cauliflower, one sample possessed 
residue limit exceeding their MRLs of 0.4 mg kg-1. This showed that 10% cauliflower tested 
samples possessed residue level above MRLs. On the other hand, four samples were found to 
have no endosulfan and one sample possessed residue falling below the MRLs. The results 
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further showed that out of ten cauliflower samples, five samples possessed residue limit 
exceeding their MRLs of 0.1 mg kg-1. This showed that 50% cauliflower tested samples 
possessed residue level of endosulfan above MRLs. Although, the three samples were not 
contaminated with dimethoate while five samples were contaminated with residue that falls 
below the MRLs. Only two cauliflower samples exceeded their MRLs of 0.2 mg kg-1 
indicating that 20% cauliflower samples had residue level above MRLs. 
 The pesticide residues in cauliflower samples obtained from District Multan showed 
significant variations in their ranges. For instance, the pesticide residues such as deltamethrin 
varied from 0.045 to 0.337 mg kg-1, permethrin 0.033 to 0.067 mg kg-1, cypermethrin 0.062 
to 0.374 mg kg-1, profenofos 0.023 to 0.293 mg kg-1, triazophos 0.054 to 0.149 mg kg-1, 
chlorpyrifos 0.006 to 0.297 mg kg-1, bifenthrin 0.057 to 0.123 mg kg-1, endosulfan 0.014 to 
0.137 mg kg-1 and dimethoate 0.007 to 0.284 mg kg-1, respectively. It is also evident that 
among cauliflower samples, four samples of deltamethrin were found exceeding their MRLs 
i.e. 1 mg kg-1showing that 40% of the cauliflower samples tested had residue level above 
MRLs. However in five cauliflower samples deltamethrin was not detected while one sample 
contained pesticide which falls below the maximum residues limits. The results further 
showed that out of ten cauliflower samples, no sample possessed permethrin residue limit 
exceeding their MRLs of 0.5 mg kg-1. On the other hand, five samples were found to have no 
permethrin and five samples contained pesticide residues falling below the MRLs. The result 
further showed that out of ten samples of cauliflower, three samples possessed cypermethrin 
residue limit exceeding their MRLs of 1 mg kg-1. This showed that 30% cauliflower tested 
samples possessed residue level above MRLs. On the other hand, four samples were found to 
have no profenofos and three samples possessed pesticide falling below MRLs. The result 
further showed that out of ten cauliflower samples, three samples was found exceeding their 
MRLs of 0.1 mg kg-1 indicating that 30% cauliflower tested samples had residue level above 
MRLs. However, in five cauliflower samples, triazophos was not detected while two samples 
contained that pesticide which falls below the MRLs. On the other hand, four samples were 
not contaminated with chlorpyriphos while one sample was contaminated with residue that 
falls below the MRLs. The results further showed that out of ten samples of cauliflower, five 
samples exceeded their MRLs of 0.05 mg kg-1 indicating that 50% cauliflower tested samples 
had residue level above MRLs. It is also evident that among cauliflower samples, no sample 
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was found exceeding their MRLs of 0.4 mg kg-1. However, in six cauliflower samples 
bifenthrin was not detected while four cauliflower samples contained residue which falls 
below the MRLs. Moreover, only two samples of endosulfan exceeded their MRLs of 0.1 mg 
kg-1indicating that 20% cauliflower samples had residue level above MRLs. Conversely, five 
samples were found to have no endosulfan residues while three samples contained pesticide 
residues which fall below the MRLs. On the other hand, five samples were found to have no 
dimethoate and four samples possessed pesticide residues falling below the MRLs. Only one 
sample exceeded their MRLs of 0.2 mg kg-1indicating that 10% cauliflower samples had 
residue level above MRLs. 
4.1.1 Discussion 
 The agricultural pesticides have been used for many decades as a way of eradicating 
pests in order to protect crops. Although pesticides are useful for eliminating destructive 
pests and certainly increase the food production but they cause more harm than good. The 
risks of illness due to residues of pesticide are cancer, neurological diseases, reproductive 
diseases, weakened immune systems and cognitive dysfunctions have increased along with 
the damage to ecosystems. The pest and disease pose big problem in vegetables production 
and farmers using pesticides. Hussain et al. (2002) estimated the use of insecticides on fruits 
and vegetable crops to be 27% of the total insecticide used in Pakistan to control diseases and 
pests on vegetables which poses hazards to the human and environment. In detail, on 
vegetables the pesticides are used extensively and farmers applied a varied kind of 
compounds including insecticides herbicide and fungicides.  
 The vegetable growers sprayed with variety of insecticides on all their vegetable 
crops. For instance, present study reported residues of insecticides such deltamethrin, 
permethrin, cypermethrin, profenofos, triazophos, chlorpyriphos, bifenthrin, endosulfan and 
dimethoate. These pesticides belong to different groups with dangerous implications for 
public health, for instance, the use of endosulfan in Pakistan over the vegetables were limited 
which is registered only for use on cotton, but it is used on vegetables. There are various 
studies which indicate the public health problem as a result the misuse of endosulfan. In 
Pakistan the use of endosulfan on vegetables is worrying because of its toxicity and tendency 
to persist in the environment more as compared to organophosphate and pyrethroids. The 
pesticide group organochlorine and its metabolite have the tendency to deposit in soil, 
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environment and vegetables and this group is persistent to environmental degradation that 
permits them to deposit in the upper part of food pyramid (Mbakaya et al., 1994). This 
observation emphasizes the greater need to monitor food for organochlorine and other 
pesticides in areas where their use on food crops has been demonstrated.  
 There may be other reason, in Pakistan pesticides are easily available in retail stores 
and agricultural pesticide distributors are responsible for the distribution of pesticides. For 
this purpose they adopted extensive practices for measuring of pesticides. The majority of the 
farmer’s community comes from the poorer areas and pesticides are expensive for them as a 
result they can purchase only a small quantity of pesticides. This type of community buy 
cheaper products, even they are less adapted to pests requiring control. Information regarding 
the application of pesticides is mainly due to agricultural extension agents and packing 
materials. Furthermore, the information also comes from other community of farmers, 
pesticides dealers and through advertisement including radio, television and newspaper. For 
the measurement of pesticides farmers have different attitudes used spoons, measuring 
cylinders, bottles, cans and others have used the dose rate which is the amount contained in a 
package or bottle to a volume given water or for a given area respectively. The variety of 
levels of both reduced and excessive dose is applied to certain crops. It is undeniable that 
vegetable crops require large quantities of pesticides to control their pests and diseases. It 
remains unlikely that all the planes are really necessary. The level of indiscriminate pesticide 
is useless and harmful. The strategies of organic farming and integrated pest management 
produce comparable yields but adoption of these approaches remains low so far for a variety 
of reasons (Danso et al., 2002).  
            The chemical pesticides were mostly sprayed in combination and as a result of 
combination the efficiency of one may mask the inefficiency of others in the mixture. The 
combinations of pesticides were encouraged by the different farmer’s community for the 
rapid knockdown of pests. These ideas of mixing different pesticides are questionable 
because the combinations used are blind and indiscriminate (Medina, 1987). The habit of 
using the blind combination of insecticides may have contributed to the performance of 
vegetables, but it also has adverse effects (Biney, 2001). For instance, Metcalf (1980), in his 
recommendations for the pesticides strategies states that the use of combination of pesticides 
must be avoided. This is also the reason of increasing the residues of pesticides in vegetables.  
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           The recent study also clear that spraying methods and time also impact the pesticide 
residues in vegetables; a number of sprays on vegetables depend upon the type of vegetable 
and locations. Although farmers sprayed an average of 6-12 times with combination of three 
to six pesticides on a calendar basis in the growing season of plants within thirty to sixty days 
in Punjab region of Pakistan. The overall spray interval was 3-5 days in Pakistan and attitude 
of farmers spray also varies according to climatic conditions. Generally farmers use more 
sprays in the rainy season when pests and diseases are increasing. The vegetable producers 
surely need a good plan and advice on which to base their programs of pests and disease 
control. The present study investigated that the farmers opinion varied on direction of 
spraying while some farmers have seen the wind direction when spraying and therefore 
castrated with the wind direction, but others do not take this approach or technique. The 
spraying method also have an impact on pesticide residues in vegetables, farmers sprayed 
along the lines, back and forth, even against the wind direction. As a result there the wind 
blows, the chemicals becomes the part of body including the face of farmers. This poor 
practice of spraying indicate the potential exposure of chemicals to farmers both skin contact 
and inhalation. Due to the ignorance of the community of farmers used very little personal 
protection during spraying and about 25.9% of farmers use personal protection as protective 
clothing. In addition, a community of farmers wore a long-sleeved shirt and pants without 
gloves and farmers barefoot wearing slippers that exposed much of their feet, even used their 
bare hands to mix chemicals in a container. Accordingly their feet, legs and hands came into 
contact with pesticides. About 80% of farmers in Pakistan had become ill from exposure to 
pesticides. The most frequent symptoms were reported as headache, dizziness and weakness 
Matthews et al. (2003).  
               The present study also suggested that the accumulation of these harmful pollutants 
in the food chain limits the consumption of food high value resources such as fish. In 
addition, there is a need for more research of pesticide residues in vegetables and the degree 
of contamination of the environmental pollution by pesticides. There must be awareness 
about the harmful effects of pesticide residues on human health. However, the perception of 
farmers should be considered against the risks using the WHO classification, while farmers 
rank organochlorine and organophosphorus considered extremely dangerous than 
pyrethroids. The inhalation and irritation are seen as key indicators of the risk level of 
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pesticides. Farmers should avoid inhaling pesticides or skin exposure. Unfortunately, less 
than 30% of respondents wore full protective coating that shows the difference between 
passive knowledge and active decision making. 
               Since the pesticides belongs to different groups and therefore have different 
Physiochemical properties, stability and persistence as well as differences in degradation 
behavior. However, the farmer’s community especially in developing countries like Pakistan 
is mostly illiterate and unaware of the potential hazards of pesticide residue in food. The 
subtropical climatic conditions prevailing in Pakistan, the proliferation of insects is very high 
which also require heavy use of pesticides. Therefore for better yield of crops, insecticides 
are repeatedly applied during the entire period of growth and even at fruiting stage (Kumari 
et al., 2004). Moreover, sometimes farmers even spray or dip their produce especially 
vegetables in pesticide solution for enhancing the market value after the harvesting of crop. 
 It is clear that the tested samples of cauliflower contained different types of 
pesticides. The reason for the presence of pesticide residues due to the indiscriminate use of 
pesticides causes residual issues which could be a threat to the health of consumers, 
indigenous agro-ecosystem and export of food commodities. The farmers even spray 
vegetables after harvesting, usually to force pests inside not to peep out which might reduce 
the market price. Most of the vegetable crops remain productive for three months during a 
season. The vegetables are often harvested on daily basis and in many cases are sprayed 
almost daily to keep pests under control. Consequently, majority of the farmers in Pakistan, 
being illiterate, can hardly appreciate the health hazards involved in the process (Hussain et 
al., 2001). The detection of different pesticides exceeding MRLs reveals that the farmers 
must be educated regarding the precision application of pesticides. The residues exceeding 
the MRLs can cause health problems to the human leading to a number of pathological 
complexities with disturbance of biochemical processes as has been reported by Rambabu 
and Roa (1994). 
 The present study also reported that it is found that due to ignorance or lack of 
technical training on the use of pesticides, most vegetables farmers using toxic pesticides on 
vegetables with high level of residues, did not care about quality their products as they are 
not interested in providing agricultural practices. In addition, most of the community farmer 
did not notice the concept of good agricultural practices. The withholding periods is lowest 
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time ones must wait between applying an agrochemical and final harvesting and such 
durations allow enough time to an acceptable level (Khan et al., 2009). In many cases, 
samples of vegetables were placed on the market after the first day of spray contained 
residues that exceeded their maximum residue limits. Most vegetable samples were placed on 
the market after the first day of spraying contained residues that exceeded their maximum 
residue limits (MRLs). 
 The pesticides belonging to organochlorine group have been restricted in many 
countries of the world because of their high stability and long persistence as reported (Abou-
Arab and Abou-Donia, 2001). The results are also according investigation described by 
Mukherjee (2003), who reported similar results while studying pesticide residues in 
vegetables around Delhi. He reported 100% contamination rate in cauliflower by endosulfan 
and residues of methyl-parathion, cypermethrin, malathion, chlorpyrifos, fenvalerate, 
chlorothalonil and quinalphos. Moreover, out of seven samples analyzed, the residues of 
cypermethrin and chlorpyrifos were above MRL values in one sample. The results are also 
consistent with the study of Masud and Hasan (1992) who stated that out of 6 samples of 
cauliflower, 5 were contaminated by different pesticides and the residues of lindane, methyl-
parathion, thiometon, malathion and methamidophos were higher than the MRL limits set by 
FAO. The result obtained in this study are also similar to the findings Tahir et al. (2001) who 
found the pesticide residue in cauliflower collected from the Islamabad market. The results 
regarding residues detected in cauliflower samples are very close to the findings of 
(Randhawa et al., 2007), who analyzed vegetable samples for chlorpyrifos residues collected 
from the farmer's field around Faisalabad city and found that 84% of the samples contained 
detectable chlorpyrifos residues. The present investigation showed satisfactory conformity 
with the findings of Baig et al. (2009) who reported during his study the organophosphorus 
pesticide residues in vegetables grown in southern Punjab. The data acquired from present 
study have similar findings suggested by Hassan et al. (2007) who found 89 vegetables 
samples out which 124 were contaminated and 47 samples were above maximum residues 
limits (MRLs). 
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Table 2: Analysis of variance for pesticide residues in cauliflower collected from Gujranwala 
       Mean squares 
 Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
Source of variation 
Farmer (9)# 
Error (29) 
  0.038350** 
0.000002 
0.27672** 
0.00005 
0.01368** 
0.00001 
0.01258** 
0.00001 
0.01229** 
0.00001 
  0.007200** 
0.000004 
  0.004620** 
0.000002 
0.016670** 
0.000002 
       - 
       - 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 3: Mean values for pesticide residues in cauliflower collected from Gujranwala (mg/kg-1) 
Farmer Deltamethrin  Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
GC-1 
GC-2 
GC-3 
GC-4 
GC-5 
GC-6 
GC-7 
GC-8 
GC-9 
GC-10 
0.133c 
0.335a 
ND 
0.053f 
0.094e 
ND 
0.237b 
0.013g 
ND 
0.105d 
0.593b 
0.855a 
ND 
ND 
ND 
0.317c 
ND 
ND 
0.045e 
0.104d 
0.195a 
ND 
ND 
ND 
0.095c 
ND 
0.106b 
ND 
0.045d 
ND 
0.092e 
0.103d 
ND 
0.164a 
0.145b 
ND 
ND 
0.085f 
ND 
0.114c 
ND 
ND 
0.084c 
0.186a 
ND 
ND 
0.105b 
ND 
0.054d 
0.005e 
0.025d 
ND 
0.125a 
ND 
0.023d 
ND 
0.125a 
ND 
0.053b 
0.044c 
ND 
ND 
ND 
0.025b 
0.027b 
ND 
ND 
0.125a 
ND 
ND 
ND 
ND 
ND 
0.236a 
0.006b 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
GC = Gujranwala cauliflower (1-10 = shows farmers from cauliflower samples were collected) 
ND = Not detected
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Table 4: Analysis of variance for pesticide residues in cauliflower collected from Faisalabad 
       Mean squares 
 Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
Source of variation 
Farmer (9)# 
Error (29) 
  0.033080** 
0.000002 
  0.004670** 
0.000001 
0.04041** 
0.00003 
0.28403** 
0.00001 
  0.051570** 
0.000002 
0.029070** 
0.000003 
0.100950** 
0.000001 
0.038190** 
0.000005 
0.029870** 
0.000004 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 5:  Mean values for pesticide residues in cauliflower collected from Faisalabad (mg/kg-1) 
Farmer Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
FC-1 
FC-2 
FC-3 
FC-4 
FC-5 
FC-6 
FC-7 
FC-8 
FC-9 
FC-10 
 
0.278a 
ND 
0.244b 
ND 
ND 
0.094c 
ND 
0.046e 
0.054d 
ND 
ND 
ND 
ND 
0.021b 
ND 
ND 
0.125a 
ND 
ND 
ND 
ND 
0.334a 
0.216b 
ND 
ND 
0.072c 
ND 
ND 
0.039d 
ND 
0.094d 
0.576b 
ND 
0.376c 
ND 
0.075e 
ND 
ND 
0.875a 
0.006f 
ND 
0.015 b 
ND 
ND 
ND 
ND 
0.416 a 
ND 
ND 
ND 
 
0.006 c 
ND 
ND 
0.004 cd 
ND 
0.076 b 
0.073 b 
0.314 a 
0.003 d 
ND 
 
ND 
ND 
ND 
ND 
0.584 a 
ND 
ND 
ND 
ND 
0.058 b 
ND 
0.228 b 
ND 
0.116 c 
0.117 c 
0.106 d 
0.005 e 
ND 
0.323 a 
ND 
 
0.003 g 
ND 
0.066 e 
0.208 b 
ND 
0.085 c 
0.044 f 
ND 
0.074 d 
0.296 a 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
FC = Faisalabad cauliflower (1-10 = shows farmers from cauliflower samples were collected) 
ND = Not detected
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Table 6: Analysis of variance for pesticide residues in cauliflower collected from Multan 
       Mean squares 
 Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
Source of variation 
Farmer (9)# 
Error (29) 
0.069660** 
0.000003 
0.002780** 
0.000004 
0.051680** 
0.000003 
0.031210** 
0.000003 
0.01209** 
0.00001 
0.033980** 
0.000004 
0.007700** 
0.000002 
0.008680** 
0.000003 
0.025360** 
0.000003 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 7: Mean values for pesticide residues in cauliflower collected from Multan (mg/kg-1) 
Farmer Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 
MC-6 
MC-7 
MC-8 
MC-9 
MC-10 
0.337a 
0.295c 
ND 
ND 
0.045e 
ND 
0.316b 
ND 
0.243d 
ND 
ND 
0.033c 
ND 
0.064a 
ND 
0.044b 
ND 
ND 
0.067a 
0.065a 
0.223b 
ND 
0.374a 
ND 
0.073d 
ND 
0.214c 
0.062e 
ND 
ND 
ND 
0.023f 
ND 
0.215b 
ND 
0.055e 
0.075d 
ND 
0.293a 
0.105c 
0.133b 
ND 
0.125c 
ND 
0.093d 
ND 
ND 
0.054e 
ND 
0.149a 
0.085c 
ND 
ND 
0.075d 
0.297a 
ND 
0.234b 
0.006f 
ND 
0.064e 
ND 
0.123a 
0.115b 
ND 
ND 
0.057d 
ND 
0.067c 
ND 
ND 
0.125b 
ND 
ND 
0.137a 
0.045d 
ND 
0.000f 
0.014e 
ND 
0.067c 
ND 
ND 
0.006d 
ND 
ND 
0.284a 
0.014c 
ND 
0.116b 
0.007d 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
MC = Multan cauliflower (1-10 = shows farmers from cauliflower samples were collected) 
ND = Not detected 
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4.2. Pesticide residues in spinach collected from different districts 
 The statistical results for all pesticide residues regarding spinach collected from 
Gujranwala, Faisalabad and Multan districts have been shown in Table 8, 10 & 12. The 
results indicated that the pesticide residues differed significantly among different samples 
obtained from different farmers. The results pertaining to mean values of all pesticide 
residues detected in spinach are revealed in Table 9, 11 & 13. It is obvious from the 
current findings that maximum residual level of deltamethrin, permethrin, cypermethrin,  
profenofos, triazophos, chlorpyriphos, bifenthrin, endosulfan and dimethoate in spinach 
samples collected from District Gujranwala were 0.216 mg kg-1, 0.015 mg kg-1, 0.244 mg 
kg-1, 0.216 mg kg-1, 0.215 mg kg-1, 0.575 mg kg-1, 0.217 mg kg-1, 0.233 mg kg-1and 0.223 
mg kg-1 whilst the minimum was found as 0.015 mg kg-1, 0.011 mg kg-1, 0.016 mg kg-1, 
0.017 mg kg-1. 0.034 mg kg-1, 0.004 mg kg-1, 0.056 mg kg-1, 0.015 mg kg-1 and 0.13 mg 
kg-1, respectively. The maximum residual limits for all pesticide residues have been 
mentioned in FAO (2003). However; deltamethrin in four spinach samples were not 
detected while three samples contained pesticide residues which fall below the maximum 
residues limits (MRLs). In other case (permethrin), seven samples were found to have no 
pesticide residues and three samples contained residues falling below the MRLs. The 
cypermethrin in five spinach samples could not be detected and five samples possessed 
that pesticide below the MRLs. On the other hand, five samples were found to have no 
profenofos and five samples possessed pesticide falling below the MRLs. However, in 
eight spinach samples, triazophos was not observed while two samples contained 
pesticide that fall below the MRLs. Conversely, five samples were not contaminated with 
chlorpyriphos while four samples were contaminated with that residue which falls below 
MRLs. However, in seven spinach samples bifenthrin was not detected while three 
spinach samples contained residue that fall below the MRLs. In contrast, six samples 
were found to have no endosulfan while one sample contained pesticide having below the 
MRLs. In contrast, six samples were found to have no dimethoate while two samples 
contained pesticide having below the MRLs.   
 The results pertaining pesticide residues in different spinach samples collected 
from District Faisalabad showed variable results. The pesticide residues varied as 
deltamethrin 0.024 to 0.143 mg kg-1, permethrin 0.159 to 0.573 mg kg-1, cypermethrin 
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0.098 to 0.503 mg kg-1, profenofos 0.016 to 0.425 mg kg-1, chlorpyrifos 0.009 to 0.212 
mg kg-1, bifenthrin 0.012 to 0.623 mg kg-1, endosulfan 0.043 to 0.103 mg kg-1, 
dimethoate 0.077 to 0.515 mg kg-1, respectively. The chlorpyriphos has no residues in 
any sample of spinach. It is also evident that among spinach samples, three samples were 
found exceeding their MRLs i.e 0.1 mg kg-1 showing that 30% of the spinach samples 
tested had deltamethrin residue level above MRLs proposed by FAO. However, in five 
spinach samples deltamethrin residues were not detected while two samples contained 
pesticide residues which fall below the maximum residues limits (MRLs). The results 
further showed that out of ten spinach samples, two samples possessed residue limit 
exceeding their MRLs of 2 mg kg-1. This showed that 20% spinach tested samples 
possessed residue level above MRLs presented by FAO. On the other hand, seven 
spinach samples were found to have no permethrin residues and one sample contained 
pesticide residues falling below the MRLs. Only one sample exceeded their MRLs of 0.5 
mg kg-1indicating that 10% spinach sample had residue level above MRLs. However, in 
six spinach samples, cypermethrin residues could not be detected and three samples 
possessed pesticide residues which were below the MRLs. The result further showed that 
out of ten samples of spinach, no sample possessed residue limit exceeding their MRLs 
of 0.5 mg kg-1.  On the other hand, six samples were found to have no profenofos 
residues and four samples possessed pesticide residues falling below the MRLs. The 
results further showed that out of ten samples spinach, no sample exceeded their MRLs 
of 0.5 mg kg-1. On the other hand, six samples were not contaminated with chlorpyriphos 
residues while four samples were contaminated with pesticide residues which fall below 
the maximum resides limits. It is also evident that among spinach samples, one sample 
was found exceeding their MRLs of 0.4 mg kg-1 showing that 10% tested samples had 
residue level above MRLs proposed by FAO. However, in five spinach samples 
bifenthrin residues were not detected while four samples contained pesticide residues 
which fall below the MRLs. Only one sample exceeded their MRLs of 0.1 mg kg-1 
indicating that 10% spinach samples had residue level above MRLs proposed by FAO. 
On the other hand, six samples were found to have no endosulfan residues while three 
samples contained pesticide residues which fall below the MRLs. The result further 
showed that out of ten samples of spinach, three samples possessed dimethoate residue 
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limit exceeding their MRLs of 0.2 mg kg-1. This showed that 30% tested samples 
possessed residue level above MRLs proposed by FAO. On the other hand, five samples 
were found to have no dimethoate residues and two samples possessed pesticide residues 
falling below MRLs. 
 The pesticide residues in spinach samples obtained from District Multan showed 
significant variations in their ranges. For instance, the pesticide residues such as 
deltamethrin varied 0.022 to 0.225 mg kg-1, permethrin 0.014 to 0.212 mg kg-1, 
cypermethrin 0.013 to 0.245 mg kg-1, profenofos 0.004 to 0.126 mg kg-1, triazophos 
0.015 to 0.114 mg kg-1, chlorpyrifos 0.004 to 0.215 mg kg-1, bifenthrin 0.005 to 0.056 mg 
kg-1, endosulfan 0.007 to 0.334 mg kg-1 and dimethoate 0.017 to 0.102 mg kg-1, 
respectively. 
 It is also evident that among spinach samples, three samples were found 
exceeding their MRLs i.e 0.1 mg kg-1 showing that 30% of samples tested had 
deltamethrin residue level above MRLs proposed by FAO. However in five samples 
deltamethrin residues were not detected while two samples contained pesticide residues 
which fall below MRLs. The results further showed that out of ten spinach samples, no 
sample possessed permethrin residue limit exceeding their MRLs of 0.5 mg kg-1. On the 
other hand, four samples were found to have no permethrin residues and six samples 
contained pesticide residues falling below the maximum reside limits. No spinach 
samples exceeded their MRLs of 0.5 mg kg-1. However, in five samples, cypermethrin 
residues could not be detected and five samples possessed pesticide residues which were 
below the MRLs. The result further showed that out of ten samples of spinach, no sample 
possessed profenofos residue limit exceeding their MRLs of 0.5 mg kg-1.  On the other 
hand, four samples were found to have no profenofos residues and six samples possessed 
pesticide residues falling below the MRLs. The result further showed that out of ten 
spinach samples, no sample was found exceeding their MRLs of 0.5 mg kg-1. However, 
in four samples, triazophos residues were not detected while six spinach samples 
contained pesticide residues which fall below the MRLs. The results further showed that 
out of ten samples of spinach, no sample exceeded their MRLs of 0.5 mg kg-1. On the 
other hand, five samples were not contaminated with chlorpyriphos residues while five 
samples were contaminated with pesticide residues which fall below the maximum 
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resides limits. It is also evident that among spinach samples, no sample was found 
exceeding their MRLs of 0.4 mg kg-1. However, in five spinach samples bifenthrin 
residues were not detected while five samples contained bifenthrin residues which fall 
below the MRLs. Only two samples exceeded their MRLs of 0.1 mg kg-1indicating that 
20% spinach samples had endosulfan residue level above MRLs proposed by FAO. On 
the other hand, three samples were found to have no endosulfan residues while five 
samples contained pesticide residues which fall below the MRLs. The result further 
showed that out of ten samples of spinach, no sample possessed residue limit exceeding 
their MRLs of 0.2 mg kg-1. On the other hand, seven samples were found to have no 
dimethoate residues and three samples possessed pesticide residues falling below the 
maximum resides limits (MRLs). 
4.2.1. Discussion 
 The vegetables are an important part of a healthy diet because they are a vital 
source of vitamins and minerals. The quality of these crops may be affected by pest under 
the natural profile. However, these pests can be controlled by pesticides (Dayan et al; 
1999). The pesticide no doubt increased the agricultural production but persistent 
residues of these chemicals have tremendous harmful impact on environment and human 
health. A considerable attention has been focused on the threat to human life from the 
diet food, drinking water and residential risk caused by the residue of pesticides. The 
pesticide and their contamination is regulates by through maximum residues limits 
(MRLs). The MRL is the maximum concentration of pesticides residue resulting from the 
use of pesticides according to good agricultural practice (GAP). It is the limit that is 
legally permitted to recognize as acceptable in or on food, agricultural commodities and 
animal food. In Pakistan there is no practice to fix the MRL with in the country but for 
the export MRL are used as standard recommended by international agencies like FAO 
and WHO.  
 It is clear from the data obtained from present study that the residue of pesticides 
including deltamethrin, permethrin, cypermethrin, profenofos, triazophos, chlorpyriphos, 
bifenthrin, endosulfan and dimethoate exceeded their MRLs in spinach samples collected 
from farmer fields. The pesticide belongs to different groups like organochlorine, 
organophosphate and pyrethroids, which have different Physiochemical properties, 
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stability and persistence as well as differences in degradation behavior. However, the 
farmer’s community in the especially developing countries is mostly illiterate and 
unaware of the potential hazards of pesticide residue in food. In Pakistan the subtropical 
climatic conditions are prevailing as a result proliferation of insects is very high which 
also require heavy use of pesticides. Therefore, for a better crop yields, insecticides are 
applied repeatedly during the entire period of growth, even at the stage of fruiting  
(Kumari et al., 2004, Juhler et al., 1999). Moreover, sometimes farmers even spray or dip 
their produce especially vegetables in pesticide solution for enhancing the market value 
after the harvesting of crop. 
 Pakistan is one of the biggest consumers of pesticides in the world after India. 
The pesticides import in Pakistan was started in 1970 by the Government of Pakistan. 
Later on, the pesticides business was handed over to the private sector during the year 
1980. Since then, the use of pesticides on crops consistently increased. The use of 
insecticides on fruits and vegetable crops has been reported to be 27% of the total 
insecticide used; this alarmingly high usage rate poses hazards to the human and the 
environment (Hussain et al., 2002). Although the application of pesticides and fungicide 
may be indispensable to crop production, yet it leaves behind toxic residues of these 
chemicals. The US Environment Protection Agency (EPA) reported pesticides in food as 
one of the nation's most serious threats to human health and environment (WHO, 1998). 
The presence of pesticide residues in soil is also a potential danger to soil micro 
fauna/flora and upon uptake by plants, these residues can enter into the food chain. The 
pesticides can find their way into the groundwater through leaching, channeling 
(downward percolation) and direct spillage or by wind drift. The pesticide residues in 
soil, drinking and ground water and food crops have been reported in many developed 
and developing countries such as UK, USA, Denmark, China, Sub-tropical Asian 
countries, Lebanon, Egypt, Jordan, Palestine, Kuwait, Iran and India (Shi et al., 2005, 
Wang et al., 2005). The health problems are more intense in the developing countries, 
due to high rate of illiteracy and low socio-economic status of farmers in developing 
countries; they are often the most vulnerable to pesticide exposure and poisoning. The 
high incidence of pesticide poisoning among farmers and the unfavorable environmental 
health in countries like Pakistan is linked to defective pesticide practices and use of 
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highly toxic pesticides in agricultural practices (WHO, 1998). The problem in Pakistan is 
very severe as almost all growers use pesticides carelessly, unlawfully and beyond the 
standard measures and recommendations. The risks of pesticide residues in relation to 
human exposure are the defects in the central nervous system, haemangioma, orofacial 
clefts, urogenital defects, circulatory/respiratory, gastrointestinal and musculoskeletal 
pathologies. The illiteracy in farmers and the indiscriminate use of insecticides pose a 
potential threat to local inhabitants, indigenous agro-ecosystem and to export of food 
commodities (Karam et al., 2000). 
 The present study also suggested that one of the possible solutions of injudicious 
pesticide use is to convince the farmers by presenting evidence through cost-benefit 
analysis of alternative production techniques that high use of pesticide does not assure 
higher level of benefit and on the other side to create awareness among consumers about 
the hazardous effect of pesticide residuals in vegetables. The judicious use of chemicals 
is an approach to agriculture that emphasizes protection of the environment, animal 
welfare, food quality and health, sustainable use of resources and social justice using the 
market to help support the goals and compensate the internalization of externalities. The 
interest in food products with low chemical/non use of chemicals is increasing 
worldwide, especially in developed in response to concerns about intensive farming 
practices and their high amount of chemical use and their potential effect on human 
health and on the environment. However, such awareness needs to generate in developing 
country like Pakistan so that consumers have better vision about negative impact of 
pesticide residues in food chain.   
 Despite the fact that vegetables with low chemical/no chemical use are safe, its 
production and consumption in Punjab, Pakistan is low perhaps because of the lack of 
awareness of the consumers about hazardous effect of high pesticide residue in 
vegetables. There are a large number of studies on consumer perception of organic 
products in Europe and other Western countries, including the United States, Australia 
and New Zealand (Zanoli, 2004; Yiridoe et al., 2005), but little is known about the 
consumer’s perception of foods with low chemical use/no chemical use in Asia (Zhang et 
al., 2005). This present study suggest to address this gap by providing first insights into 
the consumers’ knowledge about vegetables with low chemical use and identifying the 
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reasons consumers have to purchase or not to purchase vegetables with low chemical 
(pesticide, weedicide and fertilizer) use in Pakistan. The focus is on fresh vegetables 
because these are among the most widely available foods and consumers are often most 
concerned about residues on these (Zhang et al., 2006). The knowledge of pesticide 
residue generated will be used in the awareness campaign and to promote organic food 
among the consumers.  
 The pesticides belonging to organochlorine group have been restricted in many 
countries of the world because of their high stability and long persistence as reported by 
Abou-Arab and Abou-Donia (2001). The data acquired from present study have similar 
findings suggested by Mukherjee (2003), who reported similar results while studying 
pesticide residues in vegetables growing around Delhi. He reported 100% contamination 
rate in cauliflower by endosulfan and residues of methyl-parathion, cypermethrin, 
malathion, chlorpyrifos, fenvalerate, chlorothalonil and quinalphos. Moreover, out of 
seven samples analyzed, the residues of cypermethrin and chlorpyrifos were above MRL 
values in one sample each. The results presented in this study are also consistent with the 
findings of Masud and Hasan (1992) who illustrated that out of 6 samples of cauliflower, 
5 were contaminated by different pesticides and the residues of lindane, methyl-
parathion, thiometon, malathion and methamidophos were higher than the MRL limits set 
by FAO.  
 The findings of the present investigations are very close to previous data of Tahir 
et al (2001) who found the pesticide residue in cauliflower collected from the Islamabad 
market. The results regarding pesticide residues detected in cauliflower samples are 
identically correlated with the findings of Randhawa et al. (2007) who observed the 
vegetable samples for chlorpyrifos residues collected from the farmer's field around 
Faisalabad city and found that 84% of the samples contained detectable chlorpyrifos 
residues. With respect to pesticide residues in the present study are similar to the earlier 
studies predicted by Baig et al. (2009) who reported organophosphorus pesticide residues 
in vegetables grown in southern Punjab. 
72 
 
Table 8: Analysis of variance for pesticide residues in spinach collected from Gujranwala 
       Mean squares 
 Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
Source of variation 
Farmer (9)# 
Error (29) 
0.017270** 
0.000004 
0.000117** 
0.000005 
0.034650** 
0.000003 
0.024010** 
0.000003 
0.013730** 
0.000001 
0.096780** 
0.000003 
0.016670** 
0.000002 
0.034320** 
0.000002 
0.024740** 
0.000002 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 9: Mean values for pesticide residues in spinach collected from Gujranwala (mg/kg-1) 
Farmer Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
GS-1 
GS-2 
GS-3 
GS-4 
GS-5 
GS-6 
GS-7 
GS-8 
GS-9 
GS-10 
0.135b 
0.017e 
ND 
0.026d 
ND 
0.216a 
0.015e 
ND 
0.115c 
ND 
ND 
ND 
0.011b 
ND 
0.015a 
ND 
ND 
0.000c 
0.012b 
ND 
0.215b 
0.216b 
ND 
ND 
ND 
0.145c 
0.016d 
ND 
ND 
0.244a 
0.016c 
ND 
ND 
0.105b 
0.215a 
ND 
0.017c 
0.216a 
ND 
ND 
ND 
ND 
ND 
ND 
0.215a 
0.034b 
ND 
ND 
ND 
ND 
0.004d 
ND 
0.575a 
ND 
ND 
ND 
0.004d 
0.105b 
ND 
0.046c 
ND 
ND 
0.126b 
ND 
0.217a 
ND 
ND 
ND 
0.056c 
ND 
ND 
0.015d 
ND 
0.223b 
ND 
0.214c 
ND 
ND 
ND 
0.233a 
ND 
ND 
0.015c 
0.013c 
0.223a 
ND 
0.214b 
ND 
ND 
ND 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
GS = Gujranwala spinach (1-10 = shows farmers from spinach samples were collected) 
ND = Not detected 
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Table 10: Analysis of variance for pesticide residues in spinach collected from Faisalabad 
       Mean squares 
 Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
Source of variation 
Farmer (9)# 
Error (29) 
0.01005** 
0.00004 
0.152640** 
0.000002 
0.075850* 
0.000001 
0.078080** 
0.000004 
 - 
 - 
0.014490** 
0.000001 
0.111780** 
0.000002 
0.005640** 
0.000002 
0.08341** 
0.00001 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 11: Mean values for pesticide residues in spinach collected from Faisalabad (mg/kg-1) 
Farmer Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
FS-1 
FS-2 
FS-3 
FS-4 
FS-5 
FS-6 
FS-7 
FS-8 
FS-9 
FS10 
0.123b 
ND 
ND 
0.042d 
ND 
0.024e 
ND 
0.106c 
ND 
0.143a 
ND 
0.573a 
0.508b 
ND 
ND 
ND 
0.159c 
ND 
ND 
ND 
ND 
ND 
0.098d 
ND 
0.503a 
0.133c 
ND 
ND 
ND 
0.172b 
0.425a 
ND 
ND 
0.145c 
ND 
0.345b 
ND 
ND 
0.016d 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
0.212a 
ND 
ND 
ND 
ND 
0.088b 
0.073c 
ND 
ND 
ND 
0.623a 
ND 
ND 
0.033d 
0.012e 
ND 
ND 
0.045c 
0.073b 
ND 
ND 
0.103a 
ND 
ND 
0.093b 
ND 
ND 
0.043d 
ND 
0.076c 
0.080d 
ND 
0.077d 
ND 
ND 
0.224b 
0.215c 
ND 
ND 
0.515a 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
FS = Faisalabad spinach (1-10 = shows farmers from spinach samples were collected) 
ND = Not detected 
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Table 12: Analysis of variance for pesticide residues in spinach collected from Multan 
       Mean squares 
 Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
Source of variation 
Farmer (9)# 
Error (29) 
0.021480** 
0.000003 
0.01940** 
0.00002 
0.022150** 
0.000004 
0.006070** 
0.000003 
0.007380** 
0.000004 
0.023720** 
0.000002 
0.001920** 
0.000004 
0.044700** 
0.000001 
0.005370** 
0.000001 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 13: Mean values for pesticide residues in spinach collected from  Multan (mg/kg-1) 
Farmer Deltamethrin Permethrin Cypermethrin Profenofos Triazophos Chlorpyrifos Bifenthrin Endosulfan Dimethoate 
MS-1 
MS-2 
MS-3 
MS-4 
MS-5 
MS-6 
MS-7 
MS-8 
MS-9 
MS-10 
0.163b 
ND 
ND 
0.055d 
ND 
0.143c 
ND 
0.225a 
ND 
0.022e 
0.014e 
0.023c 
ND 
0.017d 
ND 
0.015de 
ND 
ND 
0.183b 
0.212a 
ND 
0.016c 
0.133b 
ND 
0.013c 
0.245a 
ND 
ND 
ND 
0.132b 
0.126a 
0.025d 
ND 
0.024d 
ND 
0.075c 
0.083b 
ND 
0.004e 
ND 
0.106b 
0.114a 
ND 
0.015e 
ND 
0.101c 
ND 
0.003f 
ND 
0.027d 
0.004c 
ND 
0.004c 
ND 
0.215a 
ND 
0.214a 
0.066b 
ND 
ND 
0.053a 
0.045b 
ND 
0.056a 
ND 
ND 
ND 
0.005c 
ND 
0.043b 
0.334a 
0.062d 
ND 
0.271b 
0.075c 
ND 
0.014f 
0.007g 
ND 
0.016e 
0.017b 
ND 
0.101a 
ND 
ND 
ND 
ND 
ND 
0.102a 
ND 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
MS = Multan spinach (1-10 = shows farmers from spinach samples were collected) 
ND = Not detected 
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4.3. Heavy metals in vegetables 
 The vegetable samples of spinach and cauliflower were collected from those 
farmers field that irrigated vegetables with sewage water from three districts; Gujranwala, 
Faisalabad and Multan, analyzed for heavy metals. The results obtained during the course 
of study are discussed herein. 
4.3.1 Heavy metal residues in cauliflower samples collected from different districts 
 The analysis of variance for residues of heavy metal in cauliflower samples 
collected from Gujranwala, Faisalabad and Multan districts irrigated with sewage water 
have been shown in Table 14, 16 & 18. The results regarding mean values of all heavy 
metals detected in cauliflower samples indicated in Table 15, 17 & 19. It is obvious from 
the present findings that the maximum residual level of nickel, lead, zinc, copper, arsenic 
and mercury in cauliflower samples collected from district Gujranwala were 1.524 mg 
kg-1, 0.423 mg kg-1, 4.517 mg kg-1, 2.844 mg kg-1, 0.065 mg kg-1, 0.006 mg kg-1 whilst 
the minimum was found as 0.024 mg kg-1, 0.024 mg kg-1, 0.326 mg kg-1, 0.235 mg kg-1, 
0.003 mg kg-1, 0.002 mg kg-1, respectively. The maximum residual limits for all heavy 
metal residues have been mentioned in FAO (2003). The results also showed that, no 
sample of cauliflower was found to have exceeding MRLs i.e 5 mg kg-1and all the 
cauliflower samples contained nickel residues which fall below the maximum residues 
limits (MRLs). The results further showed that out of ten cauliflower samples, one 
samples possessed lead residue limit exceeding their MRLs of 0.3 mg kg-1. This showed 
that 10% samples possessed lead residue level above MRLs. On the other hand, 90% of 
samples contained lead residues falling below the MRLs. No cauliflower sample having 
zinc exceeded their MRLs of 9.4 mg kg-1. The further results showed that, no sample 
possessed copper residue limit exceeding their MRLs of 10 mg kg-1. Thus all samples 
possessed heavy metal copper residues falling below the MRLs. The further results 
showed that out of ten cauliflower samples, no sample was found to exceed their MRLs 
of 0.1 mg kg-1. So all cauliflower samples contained arsenic residues fall below the 
MRLs. Moreover, it indicates that among cauliflower samples, no sample was found with 
mercury to exceed their MRLs of 0.03 mg kg-1. However, in all cauliflower samples, 
mercury residues were detected which fall below the maximum resides limits (MRLs). 
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 The results pertaining heavy metals residues in different cauliflower samples 
collected from District Faisalabad showed variable results. The heavy metal residues 
varied as nickel 0.013 to 0.523 mg kg-1, lead 0.012 to 1.442 mg kg-1, zinc 0.236 to 1.734 
mg kg-1, copper 0.121 to 0.548 mg kg-1, arsenic 0.016 to 0.79 mg kg-1and mercury 0.003 
to 0.043 mg kg-1. No sample of nickel exceeded their MRLs of 5 mg kg-1 indicating that 
no cauliflower samples had residue level above MRLs. On the other hand, all the samples 
were found to have heavy metal residues which fall below the MRLs. It is evident that 
among cauliflower samples, three samples were found with lead exceeding their MRLs 
i.e 0.3 mg kg-1indicating that 30% cauliflower samples had residue level above MRLs 
proposed by FAO. However seven cauliflower samples contained lead residues which fall 
below the (MRLs). The results further showed that out of ten cauliflower samples, no 
sample of zinc possessed residue limit exceeding their MRLs of 9.4 mg kg-1. In all 
cauliflower samples, copper residues could be detected which were below the MRLs. The 
result further showed that out of ten samples of cauliflower, no sample possessed residue 
of arsenic exceeding their MRLs of 0.1 mg kg-1. Out of ten cauliflower samples, three 
samples were found with mercury exceeding their MRLs of 0.03 mg kg-1indicating that 
30% cauliflower tested samples had residue level above MRLs. 
 The heavy metal residues in cauliflower samples obtained from District Multan 
showed significant variations in their ranges. For instance the heavy metal residues such 
as maximum contents of nickel  was recorded (0.922 mg kg-1) and the minimum level of 
this heavy metal was detected (0.182 mg kg-1), The  maximum and minimum residual 
level of lead was found (0.363 mg kg-1) and (0.003 mg kg-1), while the maximum residual 
level of zinc was observed as (7.448 mg kg-1) while minimum heavy metal residue level 
detected was (0.444 mg kg-1), the maximum residual level of copper was recorded as 
(2.534 mg kg-1) while minimum heavy metal residue level was detected as (0.133 mg kg-1 
), It is obvious from the results that the maximum residual level of arsenic was observed 
at concentration of (0.063 mg kg-1) and the minimum level detected was (0.002 mg kg-1), 
the maximum residual level of mercury was recorded as of (0.007 mg kg-1) and minimum 
level detected was (0.002 mg kg-1). It is also evident that among cauliflower samples, no 
sample was found with nickel to exceed their MRLs i.e 5 mg kg-1. However all 
cauliflower samples contained nickel residues which fall below the maximum residues 
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limits (MRLs). The results further showed that out of ten cauliflower samples, one 
samples possessed lead residue limit exceeding their MRLs of 0.3 mg kg-1. This showed 
that 10% cauliflower tested samples possessed lead residue level above MRLs. No 
cauliflower sample exceeded zinc with their MRLs of 9.4 mg kg-1. The result further 
showed that all samples of cauliflower, possessed copper residues falling below the 
MRLs. The further results showed that no sample was found with arsenic exceeding their 
MRLs of 0.1 mg kg-1. It is also evident that among cauliflower samples, no sample was 
found with mercury exceeding their MRLs of 0.03 mg kg-1. 
4.3.1.1 Discussion 
 The irrigation with sewage water is recognized to contribute potentially the heavy 
metal contents to the soils and ultimately in vegetables (Mapanda et al., 2005). The 
serious problem occurs in streams where pollutants are leached from contaminated soil. 
Although if the plants are die and decays then heavy metals taken in to plants are 
redistributed ultimately soil is enriched with the pollutants. The process of absorption and 
deposition of heavy metals by plants may follow two different routes, including roots and 
leaf area (Sawidis et al., 2001). There are different factors that plays important role for 
uptake of heavy metals from soil such as soluble contents of heavy metals, pH of soil, 
Growth stages of plant, types of plants, fertilizers and soil (Sharma et al., 2006; Ismail et 
al., 2005). The Plant species have a variety of tendency to accumulate and remove heavy 
metals some plant species may file specific heavy metals that trigger a serious human 
health hazard when plants based foods are consumed (Wenzel and Jackwer, 1999). The 
disposal of sewage and industrial waste is a serious problem and is discharged to the 
farmland where it is used for crops including vegetable cultivation. This waste sewage 
are considered an important source of organic matter and other nutrients, but they also 
uplift the level of heavy metals such as lead, cadmium, Copper, Nickel, Zinc and Arsenic 
in soil (Singh et al., 2004). As consequences it leads to contamination of the food chain 
and vegetables have the ability to absorb heavy metals from the soil, polluted air and 
water. The most important contributing factor to the heavy absorption by the way 
irrigated with wastewater contaminated metals. Heavy metals are not readily 
biodegradable and as a result may be deposited in the vital organs of man, this type of 
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condition causes varying degrees of the disease on the basis of chronic and acute 
exposures (Demirezen and Ahmet, 2006).  
 The maximum quantity of heavy metals in cauliflower might be due to high 
contents of these metals in the soil as caused by irrigation with sewage waste water 
released from the industries. This sewage water is contaminated by sewage sludge, 
municipal waste water, industrial effluents and urban pollution. The river water over 
flooded and submerged the banks and polluted the cultivated land during the rainy 
season. Furthermore, the highest concentrations of Ni, Cd, Pb, Hg and Ar in areas of 
industrially polluted waste water indicates the industrial activities including paint, textile, 
milling, battery and chemical industries contaminate or introduce heavy metals into the 
soil. The findings of the present study are corroborating with the findings of Srikanth and 
Reddy (1991), they showed that sludge and industrial polluted vegetables have more Cd 
and Pb than vegetables free from sludge and industrial pollution. 
 The heavy metals like nickel, lead, cadmium, copper and zinc are the inorganic 
contaminants. They find their route for existence in our environment through 
anthropogenic activities and geological cycles. The heavy metals being toxic in nature 
show pronounced toxicity effects in terms of bioaccumulation and bio magnification in 
tissues and food webs, respectively. In Pakistan, the main sources of heavy metal 
contamination/accumulation are industrial, agricultural and automobile. Naturally, they 
are found in earth’s crust and are also present in sediments resulting in marine 
contamination. The Pakistan being a developing country has still an unplanned industrial 
infrastructure due to which discharge of toxic heavy metals; either accidentally or 
through poor management of wastes have resulted in increased contamination in 
biosphere. The industrial contamination has further lead to soil contamination due to the 
effluent discharge from tanneries and textile Industries. The heavy metals toxicity poses a 
dangerous threat to the animal, plants, microorganisms and human life. The toxicity in 
plants exposed to heavy metals residues results injury in terms of chlorosis along with 
deadly effects in the form of blockage of photosynthesis, growth inhibition, browning of 
root tips and finally death. The heavy metals present in the soil highly affected the 
population of microbes. The higher amount of heavy metal residues causes immune 
systems suppression, neurological damage and fetal abnormalities in human and 
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mammals. The toxicity of heavy metals to livestock due to food chain causes serious 
economic and health issues. The present study provides the information regarding 
contamination and toxicity of heavy metals pollution throughout the world especially in 
Pakistan. 
 The results of the present study are similar with result obtained from the untreated 
wastewater irrigated vegetables (Sinha et al., 2005; Sharma et al., 2006). The use of 
industrial waste water for raising vegetables is very serious issue in developing countries 
like Pakistan because these effluents are heavily loaded with harmful metals and metallic 
compounds (Singh et al., 2004). The heavy metal pollution of agricultural land and crops 
in the surrounding area of mining has been considered as a primary environmental 
concern (Kalali et al., 2011). The vegetable contamination with heavy metals is through 
absorption from soil and surface deposition from polluted air. The plant species possess 
different potential to remove and accumulate different metals and results in serious health 
complications when such food stuff is consumed (Zurera et al., 1989). 
 The use of polluted/sewage water resulted to enhance the transformation of 
nickel, lead, zinc, copper, arsenic and mercury to the edible tissues of vegetables. The 
lead is most ubiquitous toxic metal which enters the food chain mainly through aerial 
deposition and absorption by external parts as well as through soil (Tehvonen and 
Kumpulainen 1991). The content of lead exceeding the MRL can cause health problems 
like brain and liver damage, tumor formation, enzyme inhibition to the human as has 
been reported by Gruenwedel (1990). The zinc is most important and a vital trace 
component for higher plants and animals. It plays vital role to energy metabolism, 
transcription and translation due to variety of enzyme systems. In some soils the higher 
level of zinc is present due to human activities and it is potentially dangerous and 
excessive contents in soil result in phytotoxicity and eventual entry to the food chain 
(Anglin-Brown et al., 1995). The element copper is released into the environment mainly 
by plants wastewater treatment, mining, welding, solid waste disposal, the electroplating 
process, plumbing, electrical wiring supplies and materials agricultural processes. These 
factors may contribute to improve the copper in vegetables. The arsenic is most toxic 
metal, which enters the food chain mainly through herbicide, insecticides contaminated 
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foods and water. The mercury is toxic in its elemental, organic and inorganic form and 
that causes neurological signs and symptoms.  
 The vegetables are contaminated with heavy metals during transportation and 
marketing due to polluted air (Agrawal and Marshall, 2003). The agricultural practices 
use of fertilizer and manure to enhance the crop yield are also largest contributor of 
heavy metals in the vegetables. There are number of factors that affect the metals uptake 
by the plant from the soil such as heavy metal concentration, type of the fertilizer applied, 
plant growth stage and species (Sharma et al., 2006; Ismail et al., 2011). The morpho-
physiological nature of the vegetables greatly influence the quantity of the metal 
deposited on the plant surface (Singh and Kumar, 2006). The heavy metals are the most 
dangerous contaminants of soil ecosystem as well as food chain all over the world (Zahir 
et al., 2009). The present results showed that the no sample have a concentration 
exceeding their maximum residues limits (MRLs) as decided by FAO. The toxicity of 
mercury is more than lead and nickel. When the quantity of mercury exceeding the 
maximum residues limits MRLs (0.03 mg kg-1) in food and food stuff cause serious 
health problems such as hearing, metals retardation, loss of vision and to end with death 
occurs. This study show that all the samples have mercury contents below the maximum 
residues limits (MRLs). 
              The results of the present study are also corresponding to the results of Yusuf et 
al. (2003). They concluded that nickel contents in vegetables were affected by the nickel 
contents in the soil. The present results endorse the previous findings of Habib et al. 
(2009) who found that the residues of heavy metals nickel range from 1.698 to 4.447 mg 
kg-1 and lead range 0.486 to 1.119 mg kg-1in cauliflower samples. The results of the 
present studies are also fairly in agreement with the findings of Farid (2003) who 
conducted study to assess the heavy metals in vegetables and reported contamination of 
cauliflower with Cd, Cr and Ni with 0.05 mg kg-1, 15.37 and 29.27, respectively. The 
results presented in this study are supported by the finding of Naser et al. (2009) who also 
found that the nickel, cadmium and lead contents in cauliflower grown on industrial 
effluent polluted land in Bangladesh. The cadmium, nickel and lead were found in 
cauliflower to be in the range of 0.50-0.78 μg g-1, 0.48-1.11 μg g-1 and 1.69-4.44 μg g-1, 
respectively. The results regarding decline heavy metals residues in different vegetables 
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are correspond to the results of Khan et al. (2010) and Abbas (2010) who found similar 
range of heavy metals.  
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Table 14: Analysis of variance for heavy metal residues in cauliflower collected from Gujranwala 
       Mean squares 
  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
Source of variation 
Farmer (9)# 
Error (29) 
0.601260** 
0.000010 
0.0478300** 
0.0000035 
5.10037** 
0.00002 
2.20445** 
0.00001 
0.00134** 
0.00001 
0.00000544** 
0.00000387 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
 
Table 15: Mean values for heavy metal residues in cauliflower collected from Gujranwala (mg/kg -1) 
Farmer Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
GC-1 
GC-2 
GC-3 
GC-4 
GC-5 
GC-6 
GC-7 
GC-8 
GC-9 
GC-10 
0.333 e 
0.655 b 
0.126 h 
1.524 a 
0.344 d 
0.086 i 
0.146 g 
0.635 c 
0.216 f 
0.024 j 
0.124 e 
0.047 g 
0.423 a 
0.184 c 
0.263 b 
0.044 g 
0.033 h 
0.082 f 
0.133 d 
0.024 i 
4.517 a 
0.838 d 
0.616 f 
0.444 h 
0.326 i 
0.835 d 
0.653 e 
2.456 b 
1.534 c 
0.545 g 
0.544 I 
0.756 e 
2.453 b 
0.652 h 
0.833 d 
0.235 j 
2.844 a 
0.726 g 
0.926 c 
0.734 f 
0.014 f 
0.023 e 
0.013 f 
0.006 g 
0.024 e 
0.003 g 
0.034 d 
0.055 b 
0.065 a 
0.045 c 
0.005 ab 
0.005 ab 
0.003 ab 
0.005 ab 
0.005 ab 
0.005 ab 
0.003 ab 
0.006 a 
0.004 ab 
0.002 b 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
GC = Gujranwala cauliflower (1-10 = shows farmers from cauliflower samples were collected) 
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Table 16: Analysis of variance for heavy metal residues in cauliflower collected from Faisalabad 
       Mean squares 
  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
Source of variation 
Farmer (9)# 
Error (29) 
0.0836200** 
0.0000041 
0.8747500** 
0.0000031 
0.5026600** 
0.0000027 
0.0496200** 
0.0000029 
0.0010500** 
0.0000034 
0.0007004** 
0.0000028 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 17: Mean values for heavy metal residues in cauliflower collected from Faisalabad (mg/kg-1) 
Farmer  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
FC-1 
FC-2 
FC-3 
FC-4 
FC-5 
FC-6 
FC-7 
FC-8 
FC-9 
FC-10 
0.015 I 
0.021 h 
0.523 a 
0.323 b 
0.312 c 
0.214 e 
0.128 f 
0.092 g 
0.243 d 
0.013 i 
1.313 b 
0.023 g 
0.123 e 
0.433 c 
0.212 d 
0.021 g 
0.114 f 
0.123 e 
0.012 h 
1.442 a 
0.679 d 
0.521 g 
0.236 j 
0.514 h 
0.711 c 
0.424 i 
0.633 e 
1.734 a 
0.534 f 
0.923 b 
0.323 c 
0.121 j 
0.233 e 
0.312 d 
0.215 f 
0.126 i 
0.193 g 
0.548 a 
0.327 b 
0.157 h 
0.032 e 
0.023 f 
0.016 g 
0.033 e 
0.055 b 
0.079 a 
0.024 f 
0.053 b 
0.045 c 
0.037 d 
0.005 def 
0.003 f 
0.004 ef 
0.007 d 
0.034 b 
0.004 def 
0.033 b 
0.013 c 
0.043 a 
0.006 de 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
FC= Faisalabad cauliflower (1-10 = shows farmers from cauliflower samples were collected) 
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Table 18: Analysis of variance for heavy metal residues in cauliflower collected from Multan 
       Mean squares 
  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
Source of variation 
Farmer (9)# 
Error (29) 
0.1324300** 
0.0000026 
0.0439900** 
0.0000020 
13.475100** 
0.000013 
1.85341** 
0.00002 
0.00168** 
0.00001 
0.00000957** 
0.00000340 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 19: Mean values for heavy metal residues in cauliflower collected from Multan (mg/kg-1) 
Farmer  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
MC-1 
MC-2 
MC-3 
MC-4 
MC-5 
MC-6 
MC-7 
MC-8 
MC-9 
MC-10 
0.922 a 
0.612 c 
0.433 f 
0.182 i 
0.315 h 
0.613 c 
0.674 b 
0.524 e 
0.344 g 
0.543 d 
0.183 c 
0.063 d 
0.024 g 
0.363 a 
0.003 i 
0.035 f 
0.046 e 
0.033 f 
0.244 b 
0.015 h 
7.448 a 
0.625 g 
0.744 f 
2.535 b 
0.535 i 
2.344 c 
1.347 e 
0.554 h 
0.444 j 
1.736 d 
0.983 c 
2.534 a 
0.353 f 
1.824 b 
0.874 d 
0.245 h 
0.333 g 
0.524 e 
0.333 g 
0.133 i 
0.005 e 
0.025 c 
0.002 e 
0.063 a 
0.003 e 
0.066 a 
0.005 e 
0.016 d 
0.026 c 
0.033 b 
0.004 bcd 
0.003 cd 
0.004 bcd 
0.007 a 
0.003 cd 
0.006 abc 
0.002 d 
0.007 ab 
0.004 bcd 
0.002 d 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
MC= Multan cauliflower (1-10 = shows farmers from cauliflower samples were collected)
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4.4. Residues of heavy metal in spinach samples collected from different districts 
 The statistical results for all heavy metal residues regarding spinach collected 
from Gujranwala, Faisalabad and Multan districts have been shown in Table 20, 22 & 24. 
The results indicated that the heavy metal residues differed significantly among different 
samples obtained from different farmers. The results pertaining to mean values of all 
pesticide residues detected in spinach are revealed in Table 21, 23 & 25. It is obvious 
from the current findings that maximum residual level of nickel, lead, zinc, copper, 
arsenic and mercury in spinach samples collected from district Gujranwala were recorded 
as 2.326 to 0.128 mg kg-1, 0.695 to 0.216 mg kg-1, 1.725 to 0.136 mg kg-1, 1.433 to 0.125 
mg kg-1, 0.065 to 0.003 mg kg-1, 0.007 to 0.002 mg kg-1, respectively. It is evident that 
among spinach samples, no sample possessed nickel exceeding their MRLs i.e 5 mg kg-1. 
However, all samples contained nickel residues which fall below the maximum residues 
limits (MRLs). The results further showed that out of ten spinach samples, six samples 
possessed lead residue limit exceeding their MRLs of 0.3 mg kg-1. This showed that 60% 
spinach tested samples possessed lead residue level above MRLs. On the other hand, four 
samples contained lead residues falling below the (MRLs). ). No zinc sample exceeded 
their MRLs of 9.4 mg kg-1. All samples possessed zinc contents which were below the 
MRLs. The result further showed that out of ten samples of spinach, no sample possessed 
copper residue limit exceeding their MRLs of 10 mg kg-1. On the other hand, all samples 
possessed copper residues falling below the MRLs. The result further showed that out of 
ten spinach samples, no sample was found with arsenic exceeding their MRLs of 0.1 mg 
kg-1. However, all spinach samples contained arsenic residues which fall below the 
MRLs. It is also evident that among spinach samples, no sample was found exceeding 
their MRLs of 0.03 mg kg-1showing that 0 % spinach tested samples had mercury residue 
level above MRLs. However, in all spinach samples heavy metal mercury residues were 
detected which fall below the (MRLs). 
 The results pertaining heavy metal residues in different spinach samples collected 
from District Faisalabad showed variable results. The heavy metal nickel was observed as 
maximum (3.434 mg kg-1) and minimum (0.124 mg kg-1), It is obvious from the results 
that maximum residual level of lead was recorded (2.513 mg kg-1) and the minimum level 
of this heavy metal was detected (0.063 mg kg-1), The result indicated that maximum and 
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minimum residual level of zinc was found (2.633 mg kg-1) and (0.234 mg kg-1), It was 
revealed that the maximum residual level of copper was observed as (2.734 mg kg-1) 
while minimum heavy metal residue level detected was (0.333 mg kg-1, It was revealed 
that the maximum residual level of arsenic was recorded as (0.154 mg kg-1) while 
minimum heavy metal residue level was detected as (0.013 mg kg-1), It is obvious from 
the results that the maximum residual level of mercury was observed at concentration of 
(0.075 mg kg-1) and the minimum level detected was (0.003 mg kg-1). The results showed 
that no spinach sample possessed nickel exceeded their MRLs of 5 mg kg-1. On the other 
hand, all the samples were found to have nickel residues which fall below the maximum 
resides limits (MRLs). It is evident that among spinach samples, three samples were 
found exceeding their MRLs i.e. 0.3 mg kg-1 indicating that 30% spinach samples had 
lead residue level above MRLs. However seven spinach samples contained lead residues 
which fall below the MRLs. The results further showed that out of ten spinach samples, 
no sample possessed zinc residue limit exceeding their MRLs of 9.4 mg kg-1. On the 
other hand, all samples contained zinc residues falling below the MRLs. No spinach 
sample possessed copper that exceeded their MRLs of 10 mg kg-1. However, in all 
samples, copper residues could be detected which were below the MRLs. The result 
further showed that out of ten samples of spinach, one sample possessed arsenic residue 
limit exceeding their MRLs of 0.1 mg kg-1. On the other hand, nine samples were found 
to have arsenic residues falling below the (MRLs). The result further showed that out of 
ten spinach samples, three samples were found exceeding their MRLs of 0.03 mg kg-1 
indicating that 30% spinach tested samples had residue level above MRLs. However, 
seven spinach samples contained heavy metal mercury residues which fall below the 
MRLs. 
 The heavy metal residues in spinach samples obtained from District Multan 
showed significant variations in their ranges. For instance, the heavy metal residues such 
as nickel varied from 0.136 to 2.793 mg kg-1, lead 0.028 to 0.795 mg kg-1, zinc 0.141 to 
2.535 mg kg-1, copper 0.133 to 0.734 mg kg-1, arsenic 0.004 to 0.074 mg kg-1 and 
mercury 0.003 to 0.008 mg kg-1. It is also evident that among spinach samples, no sample 
was found with nickel to exceed their MRLs i.e. 5 mg kg-1. However all samples 
contained nickel residues which fall below the MRLs. The results further showed that out 
87 
 
of ten spinach samples, three samples possessed lead residue limit exceeding their MRLs 
of 0.3 mg kg-1. This showed that 30% tested samples possessed residue level above 
MRLs. On the other hand, seven samples contained heavy metal lead residues falling 
below the maximum resides limits (MRLs). No zinc sample exceeded their MRLs of 9.4 
mg kg-1. All samples possessed zinc contents which were below the MRLs. The result 
further showed that out of ten samples of spinach, no sample possessed copper residue 
limit exceeding their MRLs of 10 mg kg-1. On the other hand, all samples possessed 
copper residues falling below the MRLs. The result further showed that out of ten 
spinach samples, no sample was found with arsenic exceeding their MRLs of 0.1 mg kg-1. 
However, all spinach samples contained arsenic residues which fall below the MRLs. It is 
also evident that among spinach samples, no sample was found exceeding their MRLs of 
0.03 mg kg-1. However, in all spinach samples heavy metal mercury residues were 
detected which fall below the (MRLs). 
4.4.1. Discussion 
 The heavy metals are distinguished for their attitude of dispersion in the 
environment, affinity to accumulate in tissues of the human body and their overall 
potential is toxic even exposure to relatively minor quantity. These are the principal 
noxious contaminant of food supply chain and become the most problematic to our 
surroundings. Their poisoning cause’s disorders by the existence of trans iron metallic 
elements in the body. The prolonged increase in food can lead to long-term influence in 
human kidney and liver causes distraction of abundant biochemical processes leading to 
nervous system, cardiovascular, kidney and bone diseases. Frames of heavy metals in 
most Asian countries account for natural sources, mining, smelting, agrochemicals and 
application of sewage sludge and manure uses 
 The concentration of Cd, Pb and Ar, were relatively high in leafy vegetables due 
to the high rate of translocation and transpiration rate of leafy vegetables. The 
remediation of metal polluted soils objectives to attain either the removal or stabilization 
of metal pollutants. In addition, the method includes exceeded excavating the soil 
surface, soil recovery, stabilization of heavy metals pollutants, soil washing. 
Technologies systematic remediation for contaminated soils are treated and which 
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include physical/chemical restoration, phytoremediation, sanitation and integrated 
microbial remediation 
 Furthermore, in present situation, importance has been drawn to the plants 
utilization that has vital capacity to accumulate heavy metals and tolerating tendency to 
remediate the metal contaminated soil. The vegetables absorb metals from the 
contaminated soils and deposits on parts of plants exposed to air. It has been reported that 
almost half of the average intake of lead, cadmium and mercury by food is of plant origin 
including cereals, vegetables and fruit. Moreover, the vegetarian group is exposed to 
these metals since they absorb more frequently ‘tolerable daily dose’ (Islam et al., 2007). 
 The vegetables are a major part of the human diet and a potential source of vital 
nutrients. The vegetables are important components of functional foods contributing 
vitamins protein, calcium and iron that have marked effects on health (Arai, 2002). The 
vegetables, particularly leaf vegetables grown in heavy metal contaminated soil, 
accumulate higher amounts of metals than those grown in soil not contaminated, due to 
the fact that they absorb these metals in their leaves (Al Jassir et al., 2005). Demirezen 
and Ahmet (2006) investigated the concentrations of heavy metals such as cadmium, 
lead, zinc, Copper and Nickel in different vegetables grown in different regions of 
Turkey. The levels of heavy metals lead, cadmium, copper and zinc were examined in 
selected fruits and vegetables sold in local markets of Egypt (Radwan and Salama, 2006). 
Fytianos et al. (2001) studied the contents of heavy metals in vegetables grown in an 
industrial area of North Greece. 
 The sources of heavy metal contamination are waste water irrigation, the 
application of metal-based pesticides and fertilizers, industrial emissions and 
transportation. The wastewater  irrigation  is  the  major  contributor  of  heavy  metals 
contents  of  the  soil  (Mapanda  et  al., 2005). The high  concentrations  of  heavy  
metals  were  reported  in  vegetables  from  the untreated  wastewater irrigated areas 
(Sinha  et al., 2005; Sharma  et al., 2006). The use of industrial waste water for growing 
vegetables is very serious issue in Pakistan because these effluents are heavily loaded 
with harmful metals and metallic compounds (Singh et al., 2004). The heavy metal 
pollution of agricultural land and crops in the surrounding area of mining has been 
considered as a primary environmental concern (Kalali et al., 2011). The use of 
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polluted/sewage water resulted to enhance the transformation of nickel, lead, zinc, 
copper, arsenic and mercury to the edible tissues of vegetables. The nickel gets to the 
earth’s surface particularly from metallurgical works, products of fossil fuel combustion 
and crude oil products which may also be a reason to a higher element of nickel. The lead 
is most ubiquitous toxic metal, which enters the food chain mainly through aerial 
deposition and absorption by external parts as well as through soil (Tehvonen and 
Kumpulainen 1991). The higher levels of zinc are being observed in some soils as a 
consequence of human activities. Zinc is potentially hazardous and excessive contents in 
soil result in phytotoxicity and eventual entry to the food chain (Anglin-Brown et al., 
1995). The copper is released into the environment mainly by sewage treatment plants, 
mining, welding, electroplating process, solid waste disposal, plumbing supplies, the 
materials of electrical wiring and processes agricultural. It is a common component of 
fungicides, algaecides and agricultural use of copper for this purpose may result in the 
presence in soil and groundwater. These factors may contribute to enhance the copper in 
vegetables. The arsenic is most toxic metal, which enters the food chain mainly through 
herbicide, insecticides contaminated foods and water. The mercury is toxic in its 
elemental, organic and inorganic form and that causes neurological signs and symptoms. 
           The present results are in conformity with the previous findings of Habib et al, 
(2009) who has found that the residues of heavy metals nickel range 1.698 to 4.447μg g-1 
and lead 0.486 to 1.119μg g-1 in cauliflower samples. The results of the present studies 
are also fairly in agreement with the findings of Farid (2003) who conducted study to 
assess the heavy metals in vegetables and reported contamination of cauliflower with Cd, 
Cr and Ni with 0.05 mg kg-1, 15.37 mg kg-1and 29.27, respectively. The results presented 
in this study are supported by the finding Naser et al. (2009) who also found that the 
nickel, cadmium and lead contents in cauliflower grown on industrial effluent polluted 
land in Bangladesh.  The cadmium, nickel and lead were found in cauliflower to be in the 
range 0.50-0.78 μg g-1, 0.48-1.11 μg g-1 and 1.69-4.44 μg g-1, respectively. 
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Table 20: Analysis of variance for heavy metal residues in spinach collected from Gujranwala 
       Mean squares 
  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
Source of variation 
Farmer (9)# 
Error (29) 
1.31416** 
0.00018 
0.11288** 
0.00001 
0.85272** 
0.00004 
0.58565** 
0.00001 
0.0021600** 
0.0000036 
0.0000108** 
0.0000016 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 21: Mean values for heavy metal residues in spinach collected from Gujranwala (mg/kg-1) 
Farmer  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
GS-1 
GS-2 
GS-3 
GS-4 
GS-5 
GS-6 
GS-7 
GS-8 
GS-9 
GS-10 
0.435 g 
0.764 e 
0.935 d 
0.436 g 
2.326 a 
0.544 f 
1.345 b 
1.234 c 
0.217 h 
0.128 i 
0.405 e 
0.695 a 
0.135 i 
0.614 b 
0.475 c 
0.324 f 
0.415 d 
0.124 j 
0.237 g 
0.216 h 
0.136 h 
0.245 e 
1.725 a 
0.447 c 
0.435 d 
1.285 b 
0.233 f 
0.435 d 
0.164 g 
0.254 e 
0.125 j 
0.424 f 
1.235 b 
0.364 g 
0.254 i 
1.433 a 
0.294 h 
0.973 c 
0.585 d 
0.574 e 
0.063 a 
0.024 d 
0.003 f 
0.065 a 
0.055 b 
0.004 f 
0.014 e 
0.005 f 
0.045 c 
0.064 a 
0.005 ab 
0.007 a 
0.002 c 
0.007 a 
0.003 c 
0.007 a 
0.003 c 
0.003 bc 
0.003 bc 
0.005 ab 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
GS= Gujranwala spinach (1-10 = shows farmers from spinach samples were collected) 
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Table 22: Analysis of variance for heavy metal residues in spinach collected from Faisalabad  
       Mean squares 
 Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
Source of variation 
Farmer (9)# 
Error (29) 
3.331040** 
0.000010 
2.0158300** 
0.0000029 
1.581920** 
0.000004 
2.265190** 
0.000003 
0.005050** 
0.000004 
0.002040** 
0.000002 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 23: Mean values for heavy metal residues in spinach collected from Faisalabad (mg/kg-1) 
Farmer  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
FS-1 
FS-2 
FS-3 
FS-4 
FS-5 
FS-6 
FS-7 
FS-8 
FS-9 
FS10 
0.416 f 
0.124 i 
2.246 b 
0.826 d 
0.933 c 
3.434 a 
0.254 g 
0.535 e 
0.826 d 
0.244 h 
2.513 a 
1.321 c 
0.224 g 
1.254 d 
0.985 e 
0.243 f 
0.063 j 
1.547 b 
0.134 i 
0.143 h 
0.463 g 
0.234 j 
1.432 b 
2.633 a 
0.632 d 
0.335 i 
0.643 c 
0.523 f 
0.433 h 
0.532 e 
0.924 d 
2.734 a 
0.433 g 
0.433 g 
0.733 e 
0.533 f 
0.333 h 
2.423 b 
1.433 c 
0.532 f 
0.016 f 
0.033 d 
0.026 e 
0.013 f 
0.063 b 
0.024 e 
0.048 c 
0.032 d 
0.154 a 
0.034 d 
0.009 e 
0.003 g 
0.005 fg 
0.006 f 
0.053 b 
0.035 d 
0.003 g 
0.005 fg 
0.043 c 
0.075 a 
Means sharing similar letter in a column are statistically non-significant (P>0.05) 
FS= Faisalabad spinach (1-10 = shows farmers from spinach samples were collected) 
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Table 24: Analysis of variance for heavy metal residues in spinach collected from Multan  
       Mean squares 
  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
Source of variation 
Farmer (9)# 
Error (29) 
1.79103** 
0.00001 
0.14897** 
0.00001 
1.64255** 
0.00001 
0.1187700** 
0.0000049 
0.002040** 
0.000003 
0.0000095** 
0.0000017 
# values within the braces are degrees of freedom;  
** = Highly significant (P<0.01) 
 
Table 25: Mean values for heavy metal residues in spinach collected from Multan (mg/kg-1) 
Farmer  Nickel  Lead  Zinc  Copper  Arsenic  Mercury 
MS-1 
MS-2 
MS-3 
MS-4 
MS-5 
MS-6 
MS-7 
MS-8 
MS-9 
MS-10 
2.793 a 
0.532 e 
0.414 g 
0.136 i 
0.625 d 
0.435 f 
1.336 b 
0.834 c 
0.535 e 
0.334 h 
0.795 a 
0.235 d 
0.193 f 
0.365 c 
0.136 g 
0.028 i 
0.135 g 
0.093 h 
0.435 b 
0.226 e 
2.535 a 
0.234 h 
1.126 c 
0.286 g 
0.214 i 
0.355 f 
0.141 j 
0.497 d 
1.156 b 
0.424 e 
0.196 h 
0.233 g 
0.444 d 
0.245 f 
0.734 a 
0.553 b 
0.133 j 
0.313 e 
0.174 i 
0.525 c 
0.004 h 
0.044 d 
0.066 b 
0.022 f 
0.013 g 
0.034 e 
0.006 h 
0.053 c 
0.005 h 
0.074 a 
0.003 cd 
0.005 cd 
0.004 cd 
0.005 cd 
0.007 ab 
0.004 cd 
0.005 bc 
0.003 cd 
0.008 a 
0.003 d 
Means sharing similar letter in a column are statistically non-significant (P>0.05)  
MS= Multan spinach (1-10 = shows farmers from spinach samples were collected) 
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4.5. Pesticide residues in vegetables grown under control field trial 
 The vegetables (Brassica oleracea L.) and spinach (Spinacia oleracea L.) were 
grown in the experimental field of Chak No 217 RB, Faisalabad. Each vegetable was 
grown in a separate plot and sprayed with recommended dose of the selective pesticide 
during the whole stages of growth. The pesticide residues were detected in each vegetable 
samples and the results are presented as under. 
4.5.1 Pesticide residues in spinach 
 The reduction of pesticide residues in spinach has been given Table 26. The 
statistical results showed that the combination of treatment and concentration 
significantly affected the reduction of pesticide residues. Similarly reduction of pesticide 
residues was also found to be significantly affected by the treatments and concentration 
along with their interactions. The concentration levels of pesticides exhibited a linear and 
significant effect on the reduction of pesticides residues in spinach. 
4.5.1.1 Deltamethrin residues reduction in spinach  
 It is obvious from the results regarding treatment and concentration interactions 
are given in Table 27 that there was a progressive increase in the reduction of 
deltamethrin residues with the linear increase in the concentration of treatments. It was 
also observed that the lowest reduction of deltamethrin residues (10.21±0.58%) was 
recorded when 2% radish extract was applied to spinach. The spinach treated with 10% 
acetic acid  yielded the maximum reduction of deltamethrin which was (79.68±0.81%) 
followed by citric acid (74.52±0.32%), sodium carbonate (73.51±0.035%), sodium 
chloride (70.93±0.35%), lemon extract (69.81±0.56), ginger extract (67.56±0.53%), 
garlic extract (65.10±0.34%) and radish (59.37±0.35%). The results given in the Table 
revealed that the spinach treated with 10% acetic acid exhibited maximum reduction of 
deltamethrin. 
4.5.1.2 Cypermethrin residues reduction in spinach  
 The results regarding treatments and concentrations interaction given in Table 28 
showed a linear increase in the reduction of cypermethrin residues when the 
concentration of treatments were increased. It was observed that the lowest reduction of 
cypermethrin residues (22.60±0.51%) was recorded when 2% radish extract was applied 
to spinach. The spinach treated with10% acetic acid yielded the maximum reduction of 
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cypermethrin (89.99±0.12%) followed by citric acid (86.63±0.18%), sodium carbonate 
(80.48±1.31%), sodium chloride (78.24±0.86%), ginger extract (73.04±0.12%), lemon 
extract (68.68±0.36%), garlic extract (65.89±0.44%) and radish (60.68±1.37%). The 
results also indicated that the spinach treated with 10% acetic acid exhibited maximum 
reduction of cypermethrin. 
4.5.1.3 Chlorpyrifos residues reduction in spinach  
 The treatment and concentration interactions given in Table 29 indicated a linear 
increase in the reduction of chlorpyrifos residues with the increase in the concentration of 
treatments. It was observed that the lowest reduction of chlorpyrifos residues (22.95±0.02 
%) was recorded when spinach was subjected to 2% radish extract. The spinach treated 
with 10% acetic acid gave up the highest reduction of chlorpyrifos (94.21±0.02%) 
followed by citric acid (90.54±0.04%), sodium carbonate (86.40±0.04%), sodium 
chloride (79.33±0.03%), ginger extract (75.20±0.01%), lemon extract (71.25±0.04%), 
garlic extract (68.50±0.04%) and radish (65.38±0.04%). The spinach treated with 10% 
acetic acid has shown maximum reduction of chlorpyrifos. 
4.5.1.4 Endosulfan residues reduction in spinach  
 It is obvious from the results given in Table 30 there was a linear increase in the 
reduction of endosulfan residues with the increase in the concentration of treatments was 
recorded in this study. The results indicated lowest reduction of endosulfan residues 
(11.24±0.95%) when 2% radish extract was applied on spinach. The spinach treated with 
10% acetic acid possessed the highest reduction of endosulfan (70.32±0.25%) followed 
by citric acid (67.12±0.26%), sodium carbonate (65.60±0.25%), sodium chloride 
(57.51±0.36%), ginger extract (56.66±0.38%), lemon extract (54.97±0.38%), garlic 
extract (53.52±0.42%) and radish (50.14±.41%). The results given in the Table revealed 
that the spinach treated with 10% acetic acid exhibited maximum reduction of 
endosulfan. 
4.5.1.5 Discussion 
 It is obvious from the results obtained in the present study that the pesticide 
residues reduced drastically when the spinach was subjected to washing treatment 
irrespective of type of washing. The deltamethrin residues declined varying from 10.21 to 
79.68%, cypermethrin 22.60 to 89.99%, chlorpyrifos 66.59 to 97.41% and endosulfan 
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11.24 to 70.32%, respectively in spinach. The spinach treated with different washing 
showed maximum reduction in pesticides organophosphate group (chlorpyrifos) 
followed, pyrethroids (deltamethrin and cypermethrin) and the lowest reduction was 
recorded in organochlorine (endosulfan). The organophosphate and pyrethroids groups 
have shown more reduction in their residues because of their physiochemical properties 
and dissolving power as compared to organochlorine group. The organochlorine group 
has long biological half live and has the tendency to deposit in soil, plant and fatty tissues 
of animals. The samples collected from supervised fields showed that when the vegetable 
samples containing pesticide residues beyond the MRL were subjected to washing 
treatment, the level of pesticide residues decreased to a level below the MRLs. Since the 
washing of the vegetables with water removed most of the pesticide residues adhered to 
the surface of vegetables which may be one of the reason for declining pesticide residues 
in vegetables when subjected to washing treatments. The pesticide residues present on the 
skin of the vegetables can be eliminated through different washing treatments. The 
variation in reduction of pesticide residues during washing operation has been observed 
in the present study which may be due to differences in the behavior of washing 
treatments because of nature of chemicals. The present results indicated that acidic 
solution containing acetic acid showed the highest reduction of pesticide residues as 
compared to citric acid because acetic acid acts as chelating agent and this makes the 
pesticide residues unavailable. The salt solution with sodium carbonate reduced more 
pesticides as compared to sodium chloride. The biological extracts of ginger also showed 
more reduction of pesticide residues as compared to other treatments because it has active 
ingredient gingrol which binds with the pesticide residues. The acidic detergent solution 
was more effective in the elimination of the organophosphate, pyrethroids and 
organochlorine pesticides under investigation than salt solution and biological extracts. 
  The present results are in conformity with the previous findings of Zohair (2001) 
who has found that the residues of different pesticides were declined considerably when 
washing of potatoes and brinjal was carried out. The results with respect to reduction 
pesticide residues in the present study are similar to the earlier findings of Abou-Arab 
(1999) who reported that washing of tomatoes by tap water exerted 9.62, 15.3, 9.17, 18.8, 
22.7 and 16.2% loss in HCB, lindane, p.p-DDT, dimethoate, profenofos and pirimiphos-
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methyl, respectively. Similar findings were observed from the investigation of Soliman 
(1999) who showed that soaking of vegetable sample in 5% and 10% in acetic solutions 
reduced 69% and 95% pesticide residues. The tap water and sodium chloride applied 5% 
and 10% reduced pesticide residues 35% and 50.6%, respectively. The results are also 
according to the findings described by Randhawa et al. (2007) who also found that the 
simple washing reduced deltamethrin residues from 10 to 35%, peeling reduced 76 to 
80% and heat treatment lowered further, there are 19 to 40% in all tested vegetables. 
 The variation in the reduction in different pesticide residues may be attributed to 
variation in their solubility and the matrix effect. The washing treatments also results in 
physical dislodging of the pesticide residues from the outer surfaces of the vegetables. 
The results regarding decline in residue of pesticides through washing are in line with 
Kumari (2008) and Laing (2012) who found similar decline in pesticide residues. 
 The present study suggested the pesticide must be applied correctly according to 
good agricultural practices, using only the recommended doses. This study also indicated 
that the spinach must be treated with different washing solutions necessary to decrease 
the intake of pesticide residues. At household level the vegetables must be washed with 
tap water as well as chemical treatments like acetic acids, citric acids, alkaline treatments 
sodium chloride, sodium carbonate, biological extracts garlic, ginger, lemon and radish in 
order to reduce the residues of pesticides and heavy metals.  
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Table 26: Analysis of variance for pesticide residues reduction in spinach 
Source of 
variations 
Degrees of 
freedom 
Mean squares 
Deltamethrin Cypermethrin Chlorpyrifos Endosulfan 
Combinations 
C vs others 
Treatment (T) 
Conc. (C) 
Linear 
Quadratic 
Cubic 
Quartic 
T x C 
Error 
Total 
40 
1 
7 
4 
1 
1 
1 
1 
28 
82 
122 
1533.9** 
3901.9** 
194.0** 
13913.9** 
54314.1** 
1106.7** 
143.6** 
91.4** 
15.7** 
0.7 
1214.6** 
2321.4** 
655.4** 
10182.5** 
39848.7** 
669.1** 
150.8** 
61.3** 
33.8** 
1.3 
1551.79** 
4029.86** 
159.76** 
14189.88** 
5440.37** 
1170.53** 
128.84** 
75.80** 
8.55** 
0.49 
1059.7** 
2509.1** 
254.3** 
9371.9** 
36309.2** 
900.4** 
194.9** 
83.4** 
21.8** 
1.2 
NS = Non-significant (P>0.05);* = Significant (P<0.05);** = Highly significant (P<0.01)
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Table 27: Interactive effect of treatments on reduction of deltamethrin residues in spinach (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 12.12±0.22t 32.21±0.24p 54.55±0.30k 68.46±0.42de 79.68±0.81a 49.40±6.54A 
Citric Acid 11.67±0.28t 29.63±0.63pq 50.96±0.50l 65.55±0.23f 74.52±0.32b 46.46±6.17B 
Sodium Chloride 11.79±0.54t 28.62±0.53qr 50.51±0.29l 62.18±0.22gh 70.93±0.53cd 44.80±5.82C 
Sodium carbonate 12.12±0.22t 29.85±0.74pq 51.18±0.59l 64.87±0.34fg 73.51±0.35bc 46.31±6.04B 
Ginger extract 11.34±0.32t 29.07±0.37qr 49.72±0.55lm 61.62±0.43hi 67.56±0.53ef 43.86±5.59CD 
Garlic extract 11.00±0.40t 26.49±0.85rs 45.91±0.39n 58.03±0.54j 65.10±0.34f 41.30±5.36E 
Radish extract 10.21±0.58t 23.79±0.42s 42.87±0.62o 51.40±0.46l 59.37±0.35ij 37.53±4.83F 
Lemon extract 11.22±0.45t 27.83±0.82qr 47.70±0.58mn 60.83±0.41hi 69.81±0.56de 43.48±5.73D 
Total 11.43±0.17E 28.44±0.52D 49.17±0.72C 61.62±1.03B 70.06±1.22A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 28: Interactive effect of treatments on reduction of cypermethrin residues in spinach (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 31.88±0.82s 47.04±0.33lm 67.79±0.11ef 80.48±0.59b 89.99±0.12a 63.43±5.71A 
Citric Acid 27.80±0.62t 42.23±0.23no 64.37±0.09fgh 77.13±0.34b 86.63±0.18a 59.63±5.83B 
Sodium Chloride 23.88±0.60u 39.71±0.62op 58.78±0.63i 71.76±0.30cd 78.24±0.86b 54.47±5.40D 
Sodium carbonate 24.67±0.64tu 40.61±0.32op 61.07±0.30hi 73.21±0.40c 80.48±1.31b 56.01±5.54C 
Ginger extract 26.12±0.62tu 38.03±1.07pq 54.70±0.33j 65.21±0.64efg 73.04±0.12c 51.42±4.62E 
Garlic extract 22.60±0.51u 35.29±0.20qrs 50.73±0.56kl 60.79±0.59hi 65.89±0.44efg 47.06±4.30G 
Radish extract 22.60±0.51u 33.89±0.24rs 45.75±1.62mn 54.42±0.90jk 60.68±1.37hi 43.47±3.70H 
Lemon extract 24.44±0.52tu 37.47±0.52pqr 53.41±1.28jk 62.81±0.34gh 68.68±0.36de 49.36±4.37F 
Total 25.50±0.63E 39.28±0.82D 57.07±1.45C 68.22±1.74B 75.45±2.01A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 29: Interactive effect of treatments on reduction of chlorpyrifos residues in spinach (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 
31.68±0.01w 48.39±0.03p 71.99±0.01g 85.95±0.02c 94.21±0.02a 84.05±11.23A 
Citric Acid 
29.84±0.06x 44.62±0.05q 69.23±0.01h 82.64±0.02d 90.54±0.04b 80.80±10.77B 
Sodium Chloride 
26.17±0.01z 40.22±0.03l 58.95±0.02l 69.05±0.03h 79.33±0.03e 69.11±10.19C 
Sodium carbonate 
27.82±0.02y 41.87±0.02r 66.48±0.01i 79.70±0.01e 86.40±0.04c 77.53±10.13D 
Ginger extract 
24.60±0.03a 37.46±0.03t 56.47±0.01m 65.38±0.03i 75.20±0.01f 65.68±9.37E 
Garlic extract 
23.32±0.05ab 34.43±0.03uv 50.96±0.01o 60.78±0.03k 68.50±0.04h 60.08±8.79F 
Radish extract 
22.95±0.02b 33.42±0.01v 47.93±0.05p 58.03±0.03l 65.38±0.04i 57.11±8.75G 
Lemon extract 
23.69±0.02ab 35.53±0.03u 53.71±0.01n 62.62±0.03j 71.25±0.04g 62.53±8.76H 
Total 26.26±0.27E 39.49±0.45D 59.46±0.68C 70.52±0.86B 78.85±1.02A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 30: Interactive effect of treatments on reduction of endosulfan residues in spinach (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 13.37±0.50q 30.47±0.14m 51.10±0.29fgh 65.26±0.18b 70.32±0.25a 46.10±5.73A 
Citric Acid 12.59±0.78q 28.05±2.05mn 46.99±0.30ij 58.06±0.21c 67.12±0.26ab 42.56±5.32B 
Sodium Chloride 11.35±0.75q 24.45±0.87nop 40.08±0.22l 51.21±0.56fgh 57.51±0.36c 36.92±4.55CD 
Sodium carbonate 12.53±1.17q 26.64±0.59no 46.37±0.86jk 57.05±0.80cd 65.60±0.25b 41.64±5.23B 
Ginger extract 11.97±0.69q 24.05±0.49op 42.72±0.63kl 51.60±0.51efg 56.66±0.38cd 37.40±4.52C 
Garlic extract 11.58±0.32q 23.50±0.22op 40.25±0.31l 49.18±0.86g-j 53.52±0.42def 35.60±4.23E 
Radish extract 11.24±0.95q 22.76±0.69p 39.57±0.63l 47.78±0.12hij 50.14±0.41f-i 34.30±4.02F 
Lemon extract 12.03±0.75q 23.89±0.54op 40.47±0.70l 49.30±0.06g-j 54.97±0.38cde 36.13±4.28DE 
Total 12.08±0.27E 25.48±0.58D 43.44±0.84C 53.68±1.17B 59.48±1.42A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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 Graphical representation of pesticide residues reduction in spinach 
 
 
 4.1 Effect washing treatments on reduction of deltamethrin in spinach 
 
 
 
 4.2 Effect washing treatments on reduction of cypermethrin in spinach 
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 4.3 Effect washing treatments on reduction of chlorpyrifos in spinach 
 
 
 
 4.4 Effect washing treatments on reduction of endosulfan in spinach 
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4.6. Pesticide residues in cauliflower 
4.6.1. Pesticide residues in vegetables grown under control field trial  
 The mean squares pertaining reduction of pesticide residues in cauliflower has 
been given in Table 31. The statistical results showed that the combination of treatment 
and concentration significantly affected the reduction of pesticide residues. Similarly 
reduction of pesticide residues was also found to be significantly affected by the 
treatments and concentration along with their interactions. The concentration levels of 
pesticides exhibited linear and significant effects on the reduction of pesticides residues 
in cauliflower. 
4.6.1.1. Deltamethrin residues reduction in cauliflower 
 It is obvious from the results regarding treatment and concentration interactions 
are given in Table 32 that there was a linear increase in the reduction of deltamethrin 
residues with the increase in the concentrations of treatments. It was also observed that 
the lowest reduction of deltamethrin residues (15.80±1.32%) was recorded when 2% 
radish extract was applied to cauliflower. The cauliflower treated with 10% acetic acid  
yielded the maximum reduction of deltamethrin which was (72.63±1.73%) followed by 
citric acid (68.11±0.25%), sodium carbonate (65.99±2.50%), sodium chloride 
(62.20±4.01%), ginger extract (59.20±1.39%), lemon extract (57.07±0.27%), garlic 
extract (55.86±0.59%) and radish (53.93±1.24%). The results given in the Table revealed 
that the cauliflower treated with 10% acetic acid exhibited maximum reduction of 
deltamethrin. 
4.6.1.2. Cypermethrin residues reduction in cauliflower  
 The results regarding treatment and concentration interactions given in Table 33 
showed there was a linear increase in the reduction of cypermethrin residues with the 
increase in the concentration of treatments. The lowest reduction of cypermethrin 
residues (24.03±1.90%) was recorded when 2% radish extract was applied to cauliflower. 
The cauliflower treated with 10% acetic acid yielded the maximum reduction of 
cypermethrin (79.13±0.76%) followed by citric acid (72.34±0.49%), sodium carbonate 
(68.03±0.69%), sodium chloride (64.87±0.93%), ginger extract (62.36±0.31%), lemon 
extract (59.85±1.10%), garlic extract (56.90±1.14%) and radish (53.05±0.76%). The 
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results given in the Table also indicated that the cauliflower treated with 10% acetic acid 
exhibited maximum reduction of cypermethrin. 
4.6.1.3. Chlorpyrifos residues reduction in cauliflower  
 The treatment and concentration interactions given in Table 34 indicated a linear 
increase in the reduction of chlorpyrifos residues with the increase in the concentration of 
treatments. It was observed that the lowest reduction of chlorpyrifos residues 
(23.37±1.04%) was recorded when 2% radish extract was applied to cauliflower. The 
cauliflower treated with 10% acetic acid yielded the maximum reduction of chlorpyrifos 
(85.47±1.73%) followed by citric acid (80.89±2.05%), sodium benzoate (75.51±2.13%), 
sodium chloride (71.48±2.28%), ginger extract (67.74±3.63%), lemon extract 
(64.78±0.68%), garlic extract (63.71±2.42%) and radish (58.05±0.74%). The results 
given in the Table revealed that the cauliflower treated with 10% acetic acid exhibited 
maximum reduction of chlorpyrifos. 
4.6.1.4. Endosulfan residues reduction in cauliflower  
 It is obvious from the results regarding treatment and concentration interactions 
are given in Table 35 there was a linear increase in the reduction of endosulfan residues 
with the increase in the concentration of treatments. It was observed that the lowest 
reduction of endosulfan residues (20.33±0.14%) was recorded when 2% radish extract 
was applied to cauliflower. The cauliflower treated with 10% acetic acid yielded the 
maximum reduction of endosulfan 68.93±1.56% followed by citric acid (64.65±2.28%), 
sodium benzoate (61.27±1.91%), sodium chloride (57.61±1.91%), ginger extract 
(54.22±1.92%), lemon extract (52.81±1.20%), garlic extract (50.56±0.28%) and radish 
(46.61±0.85%). The results given in the Table revealed that the cauliflower treated with 
10% acetic acid exhibited maximum reduction of endosulfan. 
4.6.1.5 Discussion 
 It is obvious from the results obtained in the present study that the pesticide 
residues reduced drastically when the cauliflower was subjected to washing treatment 
irrespective of type of washing. The deltamethrin residues declined varying from 15.80 to 
72.63%, cypermethrin 24.03 to 79.13%, chlorpyrifos 23.37 to 85.47% and endosulfan 
20.33 to 68.93%, respectively in cauliflower. The cauliflower treated with different 
washing showed maximum reduction in pesticides organophosphate group (chlorpyrifos) 
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followed by pyrethroids (deltamethrin and cypermethrin) and the lowest reduction was 
recorded in organochlorine (endosulfan) pesticides. The organophosphate and pyrethroids 
groups have shown more reduction in pesticide residues because of their physiochemical 
properties and dissolving power as compared to organochlorine group. The 
organochlorine group has long biological half-lives and has the tendency to deposit in 
soil, plant and fatty tissues of animals. The samples collected from supervised fields 
showed that when the vegetable samples containing pesticide residues beyond the MRL 
were subjected to washing treatment, the level of pesticide residues decreased to a level 
below the MRLs. Since the washing of the vegetables with water removed most of the 
pesticide residues adhered to the surface of vegetables which may be one of the reason 
for declining pesticide residues in vegetables when subjected to washing treatments. The 
pesticide residues present on the skin of the vegetables can be eliminated through 
different washing treatments. The variation in reduction of pesticide residues during 
washing operation has been observed in the present study which may be due to 
differences in the behavior of washing treatments because of nature of chemicals. The 
present results indicated that acidic solution containing acetic acid showed the highest 
reduction of pesticide residues as compared to citric acid because acetic acid acts as a 
chelating agent and this makes pesticide residues unavailable. The salt solution with 
sodium carbonate reduced more pesticides as compared to sodium chloride. The 
biological extracts of ginger also showed more reduction of pesticide residues as 
compared to others treatments because it has active ingredient gingrol which binds with 
the pesticide residues. The acidic detergent solution was more effective in the elimination 
of the organophosphate, pyrethroids and organochlorine pesticides under investigation 
than salt solution and biological extracts.  
 The present results are in conformity with the previous findings of Zohair (2001) 
who has found that the residues of different pesticides were declined considerably when 
washing of potatoes and brinjal was carried out. The results of the present studies are also 
fairly in agreement with the findings of Abou-Arab (1999), who investigated the fate of 
pesticides in tomatoes during commercial and home preparation and reported that 
washing by tap water exerted 9.62, 15.3, 9.17, 18.8, 22.7 and 16.2% loss in HCB, 
lindane, p.p-DDT, dimethoate, profenofos and pirimiphos-methyl, respectively. Soliman 
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(1999) showed that soaking of vegetable sample in 5% and 10% in acetic solutions 
reduced 69% and 95% pesticide residues. The tap water and sodium chloride applied 5% 
and 10% reduced pesticide residues 35% and 50.6% respectively. The results presented in 
this study are supported by the finding Randhawa et al. (2007) who also found that the 
simple washing reduced deltamethrin residues from10 to 35%, peeling reduced 76 to 
80% and heat treatment lowered further, there are 19 to 40% in all tested vegetables. The 
variation in the reduction in different pesticide residues may be attributed to variation in 
their solubility and the matrix effect. The washing treatments also results in physical 
dislodging of the pesticide residues from the outer surfaces of the vegetables. The results 
regarding decline in residue of pesticides through washing are in line with Kumari (2008) 
and Laing (2012) who found similar decline in pesticide residues. The present study 
suggested the pesticide must be applied correctly according to good agricultural practices, 
using only the recommended doses.  
 This study also indicated that the cauliflower must be treated with different 
washing solutions necessary to decrease the intake of pesticide residues. The acetic 
detergent solution, acetic acid is more effective in the elimination of pesticide residues 
than alkaline and neutral solutions. It is concluded that the pesticides are the inevitable 
part of the agriculture but their indiscriminate use can cause serious health problems. In 
developing countries like Pakistan there is need to regulate the use of pesticides where 
the extensive use of pesticides is causing serious health and alarming environmental 
problems. To minimize the risk of pesticides on health different processing operations are 
applied on vegetables crops that reduce the pesticide residues below the risk level. It is 
further concluded that treatment of vegetables with acidic and alkaline solutions can 
effectively minimize the pesticide residues. There is a need to educate the consumers 
through media. 
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Table 31: Analysis of variance for pesticide residues reduction in cauliflower 
Source of 
variations 
Degrees of 
freedom 
Mean squares 
Deltamethrin Cypermethrin Chlorpyrifos Endosulfan 
Combinations 
   C vs others 
   Treatment (T) 
   Conc. (C) 
        Linear 
        Quadratic 
        Cubic 
        Quartic 
   T x C 
Error 
Total 
40 
     1 
     7 
     4 
        1 
        1 
        1 
        1 
    28 
 82 
122 
  959.4** 
 2240.8** 
  324.1** 
 8368.2** 
32276.0** 
  732.3** 
  322.1** 
  142.3** 
   14.1NS 
    7.5 
  766.6** 
 1880.2** 
  459.1** 
 6232.4** 
23897.4** 
  807.3** 
  135.6** 
   89.1** 
   22.9** 
    3.0 
1039.0** 
 3059.7** 
  359.5** 
 8765.2** 
34104.6** 
  719.5** 
  148.9** 
   87.9** 
   33.0* 
    6.2 
  630.0** 
 1785.8** 
  302.8** 
 5167.7** 
19915.6** 
  562.0** 
  119.2** 
   73.9** 
   22.2* 
    5.0 
NS = Non-significant (P>0.05); * = Significant (P<0.05); ** = Highly significant 
(P<0.01) 
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Table 32: Interactive effect of treatments on reduction of deltamethrin residues in cauliflower (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 21.83±0.76p-t 35.73±0.86lmn 56.07±2.77d-g 67.84±1.20ab 72.63±1.73a 50.82±5.19A 
Citric Acid 18.94±0.30q-t 33.56±0.85mno 52.52±0.36e-i 62.57±0.77bcd 68.11±0.25ab 47.14±4.91B 
Sodium Chloride 17.44±2.71st 29.74±0.48nop 47.01±0.97h-k 58.51±0.49c-f 62.20±4.01bcd 42.98±4.64C 
Sodium carbonate 17.94±1.95rst 27.99±2.78nop 47.48±0.75g-k 59.67±1.75b-e 65.99±2.50abc 43.81±4.96C 
Ginger extract 16.75±1.66t 26.83±2.31n-r 44.10±1.20i-l 52.50±1.33e-i 59.20±1.39b-e 39.87±4.28D 
Garlic extract 16.28±1.26t 25.86±2.75o-s 44.84±0.13ijk 51.29±1.23e-j 55.86±0.59d-h 38.82±4.11D 
Radish extract 15.80±1.32t 24.21±1.35p-t 42.20±0.38klm 49.62±0.94f-k 53.93±1.24d-h 37.15±3.96D 
Lemon extract 17.47±1.65st 27.30±1.86n-q 43.39±0.51jkl 51.81±0.98e-j 57.07±0.27c-f 39.41±4.01D 
Total 17.81±0.60E 28.90±0.94D 47.20±1.00C 56.73±1.30B 61.87±1.40A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 33: Interactive effect of treatments on reduction of cypermethrin residues in cauliflower (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 29.24±0.95rs 43.54±0.34mn 62.58±0.60de 72.34±0.49b 79.13±0.76a 57.36±4.94A 
Citric Acid 28.56±0.84rs 41.48±1.11mno 59.38±1.94e-h 68.69±1.24bc 72.34±0.49b 54.09±4.47B 
Sodium Chloride 25.16±1.28s 36.94±1.09opq 52.61±0.23ij 60.76±0.90efg 64.87±0.93cde 48.07±4.00D 
Sodium carbonate 26.75±0.29s 39.21±1.07nop 54.63±1.11hij 62.12±1.54ef 68.03±0.69bcd 50.15±4.07C 
Ginger extract 25.62±0.11s 36.27±1.28opq 51.70±0.38ijk 59.87±0.47e-h 62.36±0.31ef 47.16±3.78DE 
Garlic extract 24.48±1.86s 33.32±0.92qr 46.25±1.05klm 52.84±0.24ij 56.90±1.14f-i 42.76±3.27F 
Radish extract 24.03±1.90s 32.42±0.48qr 45.12±0.85lm 50.12±0.23jkl 53.05±0.76ij 40.95±2.97F 
Lemon extract 25.39±0.30s 35.82±1.25pq 49.43±0.82jkl 55.99±1.10ghi 59.85±1.10e-h 45.30±3.46E 
Total 26.15±0.50E 37.38±0.80D 52.71±1.22C 60.34±1.49B 64.56±1.67A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 34: Interactive effect of treatments on reduction of chlorpyrifos residues in cauliflower (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 26.06±0.93mn 41.92±1.01kl 62.91±0.99ef 75.01±0.70bc 85.47±1.73a 58.27±5.81A 
Citric Acid 25.78±1.83mn 40.84±1.47kl 59.38±1.79fgh 71.22±1.78cd 80.89±2.05ab 55.62±5.39AB 
Sodium Chloride 24.18±1.08n 37.87±2.53l 54.56±0.93g-j 64.24±0.87def 71.48±2.28cd 50.46±4.67C 
Sodium carbonate 25.52±0.94n 39.49±1.73l 58.05±0.86f-i 69.61±0.91cde 75.51±2.13bc 53.64±5.02B 
Ginger extract 24.98±1.02n 36.02±0.76l 52.40±1.20hij 61.54±1.06efg 67.74±3.63cde 48.54±4.31CD 
Garlic extract 24.16±1.64n 35.74±1.08l 51.06±0.97ij 59.41±0.28fgh 63.71±2.42def 46.82±4.00D 
Radish extract 23.37±1.04n 33.86±0.95lm 48.66±0.54jk 54.55±1.71g-j 58.05±0.74f-i 43.70±3.53E 
Lemon extract 24.72±0.75n 35.48±1.26l 52.16±0.73hij 61.57±0.37efg 64.78±0.68def 47.74±4.12CD 
Total 24.85±0.40E 37.65±0.70D 54.90±0.99C 64.64±1.37B 70.95±1.91A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 35: Interactive effect of treatments on reduction of endosulfan residues in cauliflower (%) 
Treatment Concentration    Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 23.16±0.14tuv 35.59±1.32o-r 52.56±1.49e-i 62.71±0.44abc 68.93±1.56a 48.59±4.56A 
Citric Acid 22.87±0.66uv 34.17±1.06p-s 50.55±1.01f-k 59.05±1.04b-e 64.65±2.28ab 46.26±4.19AB 
Sodium Chloride 22.02±0.66uv 32.76±0.81qrs 46.60±0.87i-m 53.37±1.26e-i 57.61±1.91b-f 42.47±3.57CD 
Sodium carbonate 23.14±1.35tuv 33.59±1.17qrs 49.70±1.01g-l 57.05±0.98c-g 61.27±4.16bcd 44.95±3.94BC 
Ginger extract 22.29±1.70uv 31.36±0.91qrs 44.64±0.24j-n 51.67±1.45e-j 54.22±1.92d-h 40.84±3.30DE 
Garlic extract 21.16±1.26v 29.39±0.55r-u 41.24±0.57m-p 47.45±0.51h-m 50.56±0.28f-k 37.96±2.98F 
Radish extract 20.33±0.69v 27.68±0.35s-v 38.41±0.38n-q 43.20±0.91k-n 46.61±0.85i-m 35.25±2.64G 
Lemon extract 21.46±1.65v 30.50±0.60rst 42.63±1.09l-o 48.85±1.74h-l 52.81±1.20e-i 39.25±3.16EF 
Total 22.05±0.39E 31.88±0.58D 45.79±1.00C 52.92±1.30B 57.08±1.59A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
. 
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Graphical representation of pesticide residues reduction in cauliflower 
 
 
 4.5 Effect washing treatments on reduction of deltamethrin in cauliflower 
 
 
 
 4.6 Effect washing treatments on reduction of cypermethrin in cauliflower 
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 4.7 Effect washing treatments on reduction of chlorpyrifos in cauliflower 
 
 
 4.8 Effect washing treatments on reduction of endosulfan in cauliflower 
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4.7. Heavy metal residues in spinach 
 The reduction of heavy residues in spinach has been given Table 36. The 
statistical results showed that the combination of treatment and concentration 
significantly affected the reduction of heavy metal residues. Similarly reduction of heavy 
metal residues was also found to be significantly affected by the treatments and 
concentration along with their interactions. The concentration levels of heavy metals 
exhibited a linear and significant effect on the reduction of heavy metal residues in 
spinach. 
4.7.1. Lead residues reduction in spinach  
 It is obvious from the results regarding treatment and concentration interactions 
are given in Table 37 that there was a progressive increase in the reduction of lead 
residues with the linear increase in the concentration of treatments. It was also observed 
that the lowest reduction of lead residues (7.99±0.03%) was recorded when 2% garlic 
extract was applied to spinach. The spinach treated with 10% acetic acid  yielded the 
maximum reduction of lead which was (32.96±0.01%) followed by citric 
acid (30.0±0.04%), sodium carbonate (22.96±0.01%), lemon extract (21.99±0.03%), 
ginger extract (21.0±0.04%), sodium chloride (20.0±0.01%), radish extract (20.0±0.04%) 
and garlic extract (19.0±0.02%). The results given in the Table revealed that the spinach 
treated with 10% acetic acid exhibited maximum reduction of lead. 
4.7.2. Arsenic residues reduction in spinach  
 The results regarding treatments and concentrations interaction given in Table 38 
showed a linear increase in the reduction of arsenic residues when the concentration of 
treatments were increased. It was observed that the lowest reduction of arsenic residues 
(7.03±0.3%) was recorded when 2% garlic extract was applied to spinach. The spinach 
treated with 10% acetic acid yielded the maximum reduction of arsenic (26.8±0.4%) 
followed by citric acid (25.04±0.3%), ginger extract (23.9±0.3%), lemon extract 
(23.1±0.15%), garlic extract (22.9±0.3%), sodium carbonate (22.6±0.3%), radish extract 
(21.9±0.4%) and sodium chloride (19.8±0.3%). The results also indicated that the spinach 
treated with 10% acetic acid exhibited maximum reduction of arsenic. 
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4.7.3. Zinc residues reduction in spinach  
 The treatment and concentration interactions given in Table 39 indicated a linear 
increase in the reduction of zinc residues with the increase in the concentration of 
treatments. It was observed that the lowest reduction of zinc residues (10.0±0.04%) was 
recorded when spinach was subjected to 2% sodium chloride. The spinach treated with 
10% acetic acid gave up the highest reduction of zinc (57.0±0.03%) followed by citric 
acid (39.0±0.03%), ginger extract (38.01±0.01%), radish extract (29.99±0.02%), garlic 
extract (29.0±0.02%), lemon extract (26.01±0.03%), sodium chloride (26.01±0.01%) and 
sodium carbonate (23.01±0.01%). The spinach treated with 10% acetic acid has shown 
maximum reduction of zinc. 
4.7.4. Nickel residues reduction in spinach  
 It is obvious from the results given in Table 40 there was a linear increase in the 
reduction of nickel residues with the increase in the concentration of treatments was 
recorded in this study. The results indicated lowest reduction of nickel residues (9.0±0.05 
%) when 2% radish extract was applied on spinach. The spinach treated with 10% acetic 
acid possessed the highest reduction of nickel (29.0±0.09%). The results given in the 
Table revealed that the spinach treated with 10% acetic acid exhibited maximum 
reduction of nickel. 
4.7.5. Discussion 
 The trace elements are vital to the metabolic processes of plants during their 
growth and development. The vegetables play key role in maintaining the nutritional 
status of humans and the safe food production is an important aspect of food quality 
assurance as well as human health. The heavy metals in vegetables accumulate through 
uptake from soil, water and atmosphere. The intake of heavy metals through diet leads to 
several disorders such as kidney damage, nervous disorder, bone disease and tubular 
growth. The vegetables uptake the metals by absorbing from contaminated soil and 
vegetable parts exposed to the air from polluted environments. The leafy vegetables 
irrigated with sewage water have tendency to accumulate higher amounts of metals than 
those grown in soil irrigated with fresh water (Arai, 2002). The practice of washing is a 
very common and effective in households because easily availability of plain water and 
the chemical solutions can also be used for vegetable washing in house hold kitchen. The 
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salt solution, acid solution, distilled vinegar and potassium permanganate are the 
chemicals most commonly used for this purpose (Krol et al., 2000).  
 The excessive intake of toxic metals can cause severe complications in humans 
and animals. The consumption of vegetables loaded with heavy metals such as Cd, Pb or 
even Cu and Zn are reported to cause cancer (Turkdogan et al., 2002). The cadmium lead 
and chromium at low, medium or high levels were found to be accumulated in the shoot 
and roots of plants (Yang et al., 2003; Chandra and Kulshrestha, 2004; Adeyeye, 2005). 
The leafy vegetables uptake higher amount of heavy metals because of their more 
exposure to environmental pollution as compared other vegetables (Itanna et al., 2002).  
The heavy metals are cytotoxic, mutagenic and carcinogenic in nature and are posing 
serious threat to the urban population which relies on vegetables grown in peri-urban 
areas. The difference in the level of heavy metals contamination in cauliflower and 
spinach was due to their morpho-physiological differences in terms of heavy metal 
uptake, exclusion, foliage, accumulation and retention efficiency. Leafy vegetable 
accumulate much higher contents of heavy metals as compared to other vegetables 
because leafy vegetables are more exposed to environmental pollution due to large 
surface area (Itanna et al., 2002). 
 Sing and kumar, (2006) reported that there was about 75 to 100 % reduction in 
lead and cadmium and about 27 to 55% reduction in copper and zinc contents when the 
vegetable samples were washed two to three times with clean tap water. The results of 
present study have conformity with the previous findings of Perveen et al. (2011) who 
found the concentration of different heavy metals in various vegetables. The results of the 
current study are very close to the achievement of Singh et al. (2006) who estimated that 
the effectiveness of different washing solutions for reduction of heavy metals in 
vegetables grown near the urban areas of Delhi. The present study result are closely 
related to the previous findings of Suruchi et al. (2011) who found that the concentration 
of heavy metals in washed and unwashed vegetables exposed to different degrees of 
pollution in Agra, India. The result with respect to heavy metal reduction in the present 
study are similar to the earlier studies of Nadine et al. (2009) who reported the levels of 
heavy metals contaminations in different vegetables.   
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 Our environment is becoming more and more polluted with different types of 
contaminants from variety of sources. Different human activities, imbalance use of 
agricultural inputs, inefficient disposal of industrial wastes and mining activities are 
greatly responsible for these life threatening changes in our eco-system. The heavy metal 
contamination of food is one of the most important aspects of food quality assurance. 
Humans come in contact with these contaminants either through inhalation or through 
food chain. The prolonged deposit of residues of heavy metal through consumption of 
food stuff may lead to problems in kidney and liver of human and causes disorder in 
human body leading to nervous system, cardiovascular, heart and bone diseases. Due to 
large surface area the leafy vegetables store high contents of heavy metals as compared to 
others vegetables in polluted environment. The effect of heavy metals can be reduced by 
using canal irrigation water, balance use of agricultural inputs, efficient disposal of 
industrial waste and by incorporating hyper metal accumulator plants in our cropping 
pattern.  
 The present study indicates that washing of the vegetables with water removed 
most of the heavy metal residues adhered to the surface of vegetables. The heavy metal 
residues present in the skin of the vegetables can be eliminated through different washing 
treatments. The variation in reduction of heavy metal residues during washing operation 
has been observed in the present study which may be due to differences in the behavior of 
washing treatments because of nature of chemicals. The present results also indicated that 
acidic solution containing acetic acid showed the highest reduction of heavy metal 
residues as compared to other neutral solutions like sodium chloride, sodium carbonate 
and biological extract including garlic, ginger, radish and lemon extract because they are 
acting as chelating agent which bind the residues of heavy metals and make them 
unavailable. 
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Table 36: Analysis of variance for heavy metals residues reduction in spinach 
Source of 
Variation 
Degrees of 
freedom 
Mean squares 
     Lead   Arsenic         Zinc       Nickel 
Combinations 40 111.8** 116.12** 299.4** 91.1** 
C Vs Others 1 195.1** 289.93** 761.1** 199.4** 
Treatment 7 54.965** 30.774** 533.25** 27.32** 
Conc, 4 853.96** 605.71** 1613.24** 800.62** 
Linear 1 3397.1** 2140.2** 6423.4** 3197.8** 
Quadratic 1 3.125** 186.4** 27.3** 2.68** 
Cubic 1 5.27** 81.22** 1.91** 0.05NS 
Quartic 1 10.37** 15.03** 0.39** 1.97** 
T*C 28 17.05** 61.3** 36.7** 1.79** 
Error 82 0.007 0.11 0.00071 0.013 
Total 122         
NS = Non-significant (P>0.05);* = Significant (P<0.05);** = Highly significant (P<0.01) 
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Table 37: Interactive effect of treatments on reduction of lead residues in spinach (%) 
Treatment Concentration                              Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 8.99 ± 0.02q 12 ± 0.04n 19 ± 0.04h 23.96 ± 0.00c 32.96 ± 0.01a 19.4 ± 8.9A 
Citric Acid 8.99 ± 0.04q 11 ± 0.01o 15.99 ± 0.04k 21.99 ± 0.01e 30 ± 0.04b 17.6 ± 7.9B 
Sodium Chloride 8.99 ± 0.04q 11 ± 0.02o 14.99 ± 0.28l 17.99 ± 0.01i 20 ± 0.01g 14.6 ± 4.3F 
Sodium carbonate 7.99 ± 0.01r 10 ± 0.29p 15.99 ± 0.03k 19 ± 0.04h 22.96 ± 0.01d 15.2 ± 5.8E 
Ginger extract 8.99 ± 0.02q 11 ± 0.04o 12.99 ± 0.04m 16.99 ± 0.01j 21 ± 0.04f 14.2 ± 4.5G 
Garlic extract 7.99 ± 0.03r 10 ± 0.28p 12 ± 0.04n 19 ± 0.02h 19 ± 0.02h 13.6 ± 4.8H 
Radish extract 8.99 ± 0.02q 12.99 ± 0.04m 19 ± 0.04h 17.99 ± 0.04i 20 ± 0.04g 15.8 ± 4.3D 
Lemon extract 8.99 ± 0.03q 12.99 ± 0.04m 19 ± 0.04h 19 ± 0.03h 21.99 ± 0.03e 16.4 ± 4.9C 
Total 8.7 ± 0.4E 11.4 ± 1.1D 16.1 ± 2.6C 19.5 ± 2.2B 23.5 ± 4.9A  
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 38: Interactive effect of treatments on reduction of arsenic residues in spinach (%)  
Treatment Concentration                                  Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 9 ± 0.3r 12.1 ± 0.4p 18 ± 0.2jk 23.1 ± 0.4cd 26.8 ± 0.4a 17.8 ± 6.9B 
Citric Acid 8.9.04 ± 0.2r 10.1 ± 0.3q 16.04 ± 0.3lm 20.1 ± 0.2gh 25.04 ± 0.3b 15.7 ± 6.8E 
Sodium Chloride 7.01 ± 0.3s 10.1 ± 0.3q 12.9 ± 0.3op 17.02 ± 0.2kl 19.8 ± 0.3hi 17.3 ± 5.9C 
Sodium carbonate 7.9 ± 0.3s 10.6 ± 0.3q 15.9 ± 0.6m 18.9 ± 0.4ij 22.6 ± 0.3de 15.2 ± 5.6F 
Ginger extract 7.9 ± 0.4s 12.9 ± 0.5op 17.8 ± 0.3k 20.9 ± 0.3fg 23.9 ± 0.3c 16.7 ± 5.9D 
Garlic extract 7.03 ± 0.3s 10.2 ± 0.1q 13.9 ± 0.5no 17.8 ± 0.2k 22.9 ± 0.3cde 14.4 ± 5.8G 
Radish extract 8.8 ± 0.2r 10.97 ± 0.5q 13.9 ± 0.4no 17.5 ± 0.2k 21.9 ± 0.4ef 18.2 ± 5.9A 
Lemon extract 7.4 ± 0.2s 10.97 ± 0.3q 14.4 ± 0.4n 18.98 ± 0.4ij 23.1 ± 0.15cd 14.96 ± 5.8F 
Total 12.5 ± 8.5E 11.01 ± 1.01D 15.4 ± 1.8C 19.3 ± 1.9B 23.3 ± 2.02A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 39: Interactive effect of treatments on reduction of zinc residues in spinach (%)   
Treatment Concentration                                  Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 17.01 ± 0.04q 25.01 ± 0.05i 32 ± 0.04e 43 ± 0.01b 57 ± 0.03a 34.8 ± 14.5A 
Citric Acid 15.01 ± 0.02s 21.01 ± 0.04m 26.01 ± 0.02h 29.99 ± 0.03f 39 ± 0.03c 26.2 ± 8.4B 
Sodium Chloride 10 ± 0.04x 13.01 ± 0.01u 19.01 ± 0.04o 22.01 ± 0.02l 26.01 ± 0.01h 18 ± 6.04G 
Sodium carbonate 11.01 ± 0.02w 14.08 ± 0.03t 18.01 ± 0.02p 21.01 ± 0.04m 23.01 ± 0.01k 17.4 ± 4.6H 
Ginger extract 14.01 ± 0.02t 19.01 ± 0.01o 23.01 ± 0.01k 32.01 ± 0.01e 38.01 ± 0.01d 25.2 ± 9.01C 
Garlic extract 11.01 ± 0.02w 15.01 ± 0.04s 18.99 ± 0.02o 24.02 ± 0.01j 29.01 ± 0.02g 19.6 ± 6.6E 
Radish extract 12.01 ± 0.04v 16.01 ± 0.05r 19.99 ± 0.02n 23.01 ± 0.02k 29.99 ± 0.02f 20.2 ± 6.4D 
Lemon extract 11.01 ± 0.02w 14.01 ± 0.03t 19.01 ± 0.03o 22.01 ± 0.003l 26.01 ± 0.03h 18.4 ± 5.6F 
Total 12.6 ± 2.3E 17.1 ± 4D 22 ± 4.6C 27.1 ± 7.2B 33.5 ± 10.6A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean.  
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Table 40: Interactive effect of treatments on reduction of nickel residues in spinach (%)  
Treatment Concentration                                  Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 10.98 ± 0.04o 14.99 ± 0.09k 18.97 ± 0.05g 22.98 ± 0.05d 29 ± 0.09a 19.4 ± 6.5A 
Citric Acid 10 ± 0.09p 13 ± 0.04m 16 ± 0.05j 19 ± 0.04g 25 ± 0.04b 16.6 ± 5.3D 
Sodium Chloride 8.98 ± 0.09q 12 ± 0.1n 15 ± 0.05k 19 ± 0.08g 23 ± 0.08d 15.6 ± 5.1F 
Sodium carbonate 10 ± 0.1p 14 ± 0.02l 18 ± 0.07h 21 ± 0.6f 24 ± 0.1c 17.4 ± 5.1B 
Ginger extract 9 ± 0.05q 14 ± 0.04l 17 ± 0.05i 21 ± 0.04f 24 ± 0.08c 17 ± 5.45C 
Garlic extract 9 ± 0.1q 12 ± 0.05n 16 ± 0.05j 19 ± 0.1g 23 ± 0.1d 15.8 ± 5.1E 
Radish extract 9 ± 0.05q 11 ± 0.05o 16 ± 0.05j 19 ± 0.08g 22 ± 0.02e 15.4 ± 5.01G 
Lemon extract 9 ± 0.1q 11 ± 0.01o 16 ± 0.05j 19 ± 0.1g 23 ± 0.01d 15.6 ± 5.3F 
Total 9.5 ± 0.7E 12.7 ± 1.4D 16.6 ± 1.2C 20 ± 1.5B 24.1 ± 2.08A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean
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Graphical representation of heavy metals reduction in spinach  
 
 
 4.9 Effect washing treatments on reduction of lead in spinach 
 
 4.10 Effect washing treatments on reduction of arsenic in spinach 
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 4.11 Effect washing treatments on reduction of zinc in spinach 
 
 
 4.12 Effect washing treatments on reduction of nickel in spinach 
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4.8. Heavy metal residues in cauliflower grown under control field trial  
 The mean squares pertaining reduction of heavy metal residues in cauliflower 
has been given in Table 41. The statistical results showed that the combination of 
treatment and concentration significantly affected the reduction of heavy metal 
residues. Similarly reduction of heavy metal residues was also found to be 
significantly affected by the treatments and concentration along with their interactions. 
The concentration levels of heavy metal exhibited linear and significant effects on the 
reduction of heavy metal residues in cauliflower. 
4.8.1. Lead residues reduction in cauliflower 
 It is obvious from the results regarding treatment and concentration 
interactions are given in Table 42 that there was a linear increase in the reduction of 
lead residues with the increase in the concentration of treatments. It was also observed 
that the lowest reduction of lead residues (7.0±0.04%) was recorded when 2% lemon 
extract was applied to cauliflower. The cauliflower treated with 10% acetic acid 
yielded the maximum reduction of lead which was (23.02±0.04%). The results given 
in the Table revealed that the cauliflower treated with 10% acetic acid exhibited 
maximum reduction of lead. 
4.8.2. Arsenic residues reduction in cauliflower  
 The results regarding treatment and concentration interactions given in Table 
43 showed there was a linear increase in the reduction of arsenic residues with the 
increase in the concentration of treatments. The lowest reduction of arsenic residues 
(7.06±0.49%) was recorded when 2% lemon extract was applied to cauliflower. The 
cauliflower treated with 10% acetic acid yielded the maximum reduction of arsenic 
(25.1±0.49%) followed by citric acid (21.2±0.49%), sodium chloride (20.2±0.64%), 
sodium carbonate (19.2±0.24%), garlic extract (18.01±0.49%), ginger extract 
(17.03±0.49%), radish extract (16.06±0.24%) and lemon extract (15.09±0.49%). The 
results given in the Table also indicated that the cauliflower treated with 10% acetic 
acid exhibited maximum reduction of arsenic. 
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4.8.3. Zinc residues reduction in cauliflower   
 The treatment and concentration interactions given in Table 44 indicated a 
linear increase in the reduction of zinc residues with the increase in the concentration 
of treatments. It was observed that the lowest reduction of zinc residues (11.0±0.06%) 
was recorded when 2% radish extract was applied to cauliflower. The cauliflower 
treated with 10% acetic acid yielded the maximum reduction of zinc (60.0±0.03%) 
followed by citric acid (44.0±0.04%), ginger extract (42.01±0.01%), garlic extract 
(39.01±0.03%), sodium chloride (37.0±0.06%), radish extract (33.01±0.03%), lemon 
extract (29.0±0.041%) and sodium carbonate (27.01±0.04%). The results given in the 
Table revealed that the cauliflower treated with 10% acetic acid exhibited maximum 
reduction of zinc. 
4.8.4. Nickel residues reduction in cauliflower  
 It is obvious from the results regarding treatment and concentration 
interactions are given in Table 45 there was a linear increase in the reduction of nickel 
residues with the increase in the concentration of treatments. It was observed that the 
lowest reduction of nickel residues (4.03±0.14%) was recorded when 2% ginger 
extract was applied to cauliflower. The cauliflower treated with 10% acetic acid 
yielded the maximum reduction of nickel 21.04±0.03%. The results given in the Table 
revealed that the cauliflower treated with 10% acetic acid exhibited maximum 
reduction nickel. 
4.8.5. Discussion 
 The vegetables uptake heavy metals from contaminated soils and deposits on 
different parts of the vegetable that exposed to air. Mostly the ingestion of heavy 
metals e.g. Pb, Cd and Hg through food is the plant origin including vegetables, fruits 
and cereals (Islam et al., 2007). However, human exposure to metals occurs by variety 
of ways, these may be inhaled as a fume or dust like particle of lead oxide produced 
by leaded gasoline combustion. Moreover, mercury is inhaled in the form of vapors 
during manufacture of fluorescent lamps. The ingestion of heavy metals also takes 
place involuntarily through drink and food. Actual quantity of heavy metals absorbed 
by digestive tract varies widely due to variation in chemical nature of absorbed metals 
and maturity status of the individual. The heavy metals are distributed in organ and 
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tissues, once these are absorbed in digestive tract. The paths through metals excreted 
from the body are kidneys and digestive tract instead all of these, metals have the 
tendency to persist in human body organ like kidney, liver and bones for a decades. 
The capability of metal uptake from soils depends on many factors like soil pH, 
soluble contents of heavy metals, plant type, fertilizers and soil (Sharma et al., 2006; 
Ismail et al., 2005). 
 The heavy metals ingestion through food causes accumulation in different 
human body parts and ultimately producing serious health problems such as nervous 
system, kidney failure, liver damage and some chronic toxicity symptoms (Abou-Arab 
et al., 1999; Sathawara et al., 2004).Throughout the world the soil ecosystem has been 
contaminated with heavy metals by various human activities and their movement in 
human body through food consumption (Zahir et al., 2009). In food supply chain the 
heavy metal is considered the noxious contaminants that pollute our environment 
(Zaidi et al., 2005). The excessive intake of heavy metals cadmium, lead, zinc and 
copper has been considered a risk to human health and these contaminants find their 
way through vegetables. The quality and safety of food is adversely affected by the 
deposition of noxious metals in agricultural soils. The contamination of vegetables 
with heavy metals also takes place during marketing due to polluted air (Agrawal and 
Marshall, 2003). The application of different agricultural practices such as manure and 
fertilizer are also largest contributor of heavy metals in order to enhance the crop 
yield. The Pakistani soil is becoming polluted due to heavy metals which create food 
safety and environmental issues (Bhutto et al., 2009).  
 The permissible limits of lead in human is (0.2 μgg-1) if its concentration is 
exceeding causes problem in bones, nervous, liver, pancreases, teeth and blood 
diseases. It also causes disturbance in the functioning of kidney, joints, cardiovascular, 
reproductive problems and reduction in the hemoglobin synthesis (Ogwuegbu and 
Muhanga, 2005). Likewise, higher amount of Zn causes problem in growth and 
reproduction (Nolan, 2003). The zinc begins its journey to human body, once 
environment becomes contaminated with it that has been absorbed readily by plants 
and ultimately consumed by human. The permissible limit of arsenic in food stuff is 
(0.3 μgg-1), it is extremely toxic and its exceeding concentration causes short term 
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problem vomiting, nausea, weakness, diarrhea, cough, headache, loss of appetite and 
long term problems including of diabetes, vascular diseases and cardiovascular 
diseases (Islam et al., 2007)  
 The results presented in this study are supported with the findings of Perveen 
et al. (2011) who found cadmium in different vegetables. The reduction of heavy 
metals results have the conformity with the findings of Singh et al. (2006) who found 
load of heavy metals in unwashed and washed vegetables growing around the vicinity 
of Delhi. The data of present study are very close to the findings of Nadine et al. 
(2009) who also indicate that arsenic reduction in different vegetables grown and sold 
in urban areas in Lebanon. The findings of present study are identically correlated 
with the findings of Naser et al. (2009) who found that the residues of different heavy 
metals were declined considerably when washing of vegetables was carried out. The 
results with respect to heavy metal reduction in the present study are also fairly similar 
to the earlier studies of Abou-Arab (1999), who estimated concentration of different 
heavy metals in vegetables. The results regarding decline in residues of heavy metals 
lead and zinc through washing are in line with Singh et al. (2006). The results are 
further supported by the findings of Suruchi et al. (2011) who found the heavy metal 
residues in washed and unwashed vegetables grown around the vicinity in Agra, India. 
 The recent study presented that waste water irrigation is main source of heavy 
metal contamination, it is recommended that farmers should not use this untreated 
sewage water for raising vegetables because polluted vegetables causing health 
hazards to animals and human beings. The farmers must be aware by agricultural 
extension worker to not use this untreated sewage water for growing vegetables. 
Therefore, he wants to use polluted water, he must install sewage water treatments 
plant on single/ joint owner basis. The use of sewage after dilution with ground water 
or canal water has also resulted in less concentration of metal ions in vegetable leaves; 
therefore, the farmers should be encouraged to dilute the sewage effluents with other 
water sources to improve its quality. In order to get rid of accumulated heavy metals, 
farmers can also use metal hyper accumulator plants between summer and winter 
vegetables. 
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The present study also suggested that vegetable must be irrigated with fresh and canal 
water. The washing of vegetables with tap water and household chemical/biological 
solutions not only remove the dirt and dust particles but also reduced the residues of 
heavy metals significantly. All the washing chemicals showed significant reduction of 
heavy metals in cauliflower but among all washing treatments the acetic acid 10% 
exhibited the maximum reduction of and heavy metals residues in cauliflower.  
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Table 41: Analysis of variance for heavy metals residues reduction in cauliflower 
Source of 
Variation 
Degrees of 
freedom 
Mean squares 
   Lead    Arsenic      Zinc        Nickel 
Combinations 40 53.75** 57.3** 396.7** 73.2** 
C Vs Others     1 123.12** 156.04** 768.3** 117.7** 
Treatment     7 39.5** 51.9** 553.04** 34.97** 
Conc,     4 417.7** 417.6** 2565.3** 628.5** 
Linear             1 1668.3** 1665** 10258**    2511.2** 
Quadratic             1 2.2** 5.3** 0.04** 0.25NS 
Cubic             1 0.16** 0.02NS 0.04** 0.37* 
Quartic             1 0.19** 0.05NS 3.22** 2.03** 
T*C     28 2.85** 3.6** 34.6** 1.82** 
Error 82 0.002 0.22 0.0014 0.04 
Total 122         
NS = Non-significant (P>0.05);* = Significant (P<0.05);** = Highly significant (P<0.01)
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Table 42: Interactive effect of treatments on reduction of lead residues in cauliflower (%) 
Treatment Concentration                              Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 9.02 ± 0.04 m 12.01 ± 0.06j 14 ± 0.04h 19.01 ± 0.02c 23.02 ± 0.04a 15.4 ± 5.2A 
Citric Acid 8.02 ± 0.04n 9.02 ± 0.02m 11.01 ± 0.02k 14 ± 0.04h 17.01 ± 0.04e 11.8 ± 3.4G 
Sodium Chloride 9.02 ± 0.07m 11.01 ± 0.04k 15.02 ± 0.04g 18.01 ± 0.06d 20 ± 0.02b 14.6 ± 4.3C 
Sodium carbonate 8.02 ± 0.04n 10.04 ± 0.02l 12.01 ± 0.04j 15.02 ± 0.04g 17.01 ± 0.02e 12.4 ± 3.4F 
Ginger extract 9.02 ± 0.04m 11.01 ± 0.04k 15.02 ± 0.02g 17.01 ± 0.04e 20 ± 0.04b 14.4 ± 4.12D 
Garlic extract 8.02 ± 0.00n 10.01 ± 0.02l 12.01 ± 0.04j 15.02 ± 0.04g 19.01 ± 0.02c 12.8 ± 4E 
Radish extract 
9.02 ± 0.04m 13 ± 0.04i 16.02 ± 0.04f 18.01 ± 0.06d 20 ± 0.02b 15.2 ± 4B 
Lemon extract 7 ± 0.04o 9.97 ± 0.02l 11.01 ± 0.04k 13 ± 0.02i 15.02 ± 0.04g 11.2 ± 2.8H 
Total 8.4 ± 0.72E 10.8 ± 1.2D 13.3 ±  1.9C 16.1 ± 2.1B 18.9 ± 2.4A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
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Table 43: Interactive effect of treatments on reduction of arsenic residues in cauliflower (%)  
Treatment Concentration                                  Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 10.22 ± 0.4mn 14.1 ± 0.49ij 17.03 ± 0.73fg 21.9 ± 0.24b 25.1 ± 0.49a 17.7 ± 5.5A 
Citric Acid 9 ± 0.24no 11.19 ± 0.49lm 15.09 ± 0.49hi 17.03 ± 0.49fg 21.2 ± 0.49bc 14.7 ± 4.5B 
Sodium Chloride 8.03 ± 0.49op 11.19 ± 0.49lm 14.1 ± 0.49ij 18.01 ± 0.24ef 20.2 ± 0.64cd 14.3 ± 4.6BC 
Sodium carbonate 8.03 ± 0.49op 12.17 ± 0.49kl 15.09 ± 0.49hi 17.03 ± 0.49fg 19.2 ± 0.24de 14.3 ± 4.1BC 
Ginger extract 8.03 ± 0.49op 11.44 ± 0.24lm 13.14 ± 0.49jk 14.1 ± 0.49ij 17.03 ± 0.49fg 12.75 ± 3.1D 
Garlic extract 9.0 ± 0.49no 12.17 ± 0.24kl 14.1 ± 0.49ij 16.06 ± 0.49gh 18.01 ± 0.49ef 13.87 ± 3.2C 
Radish extract 8.03 ± 0.49op 10.22 ± 0.49mn 13.14 ± 0.49jk 15.09 ± 0.64hi 16.06 ± 0.24gh 12.51 ± 3.1D 
Lemon extract 7.06 ± 0.49p 9.0 ± 0.49no 12.17 ± 0.49kl 14.1 ± 0.24ij 15.09 ± 0.49hi 11.48 ± 3.2E 
Total 8.43 ± 0.99E 11.44 ± 1.5D 14.2 ± 1.5C 16.7 ± 2.5B 18.98 ± 3.1A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean. 
 
 
134 
 
 
Table 44: Interactive effect of treatments on reduction of zinc residues in cauliflower (%)   
Treatment Concentration                                  Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 19 ± 0.05r 27.01 ± 0.04m 36.06 ± 0.06g 49 ± 0.04b 60 ± 0.03a 38.2 ± 15.3A 
Citric Acid 13 ± 0.04t 22.01 ± 0.05p 31 ± 0.01j 39.01 ± 004e 44 ± 0.04c 29.8 ± 11.6B 
Sodium Chloride 11 ± 0.00v 17.0 ± 0.05s 23 ± 0.01o 31 ±0.05 j 37 ± 0.06f 23.8 ± 9.7E 
Sodium carbonate 11 ± 0.04v 13 ± 0.02t 19 ± 0.01r 24.01 ± 0.05n 27.01 ± 0.04m 18.8 ± 6.4H 
Ginger extract 13 ± 0.00s 21.02 ± 0.02q 27.01 ± 0.03m 30.01 ± 0.04k 42.01 ± 0.01d 26.6 ± 9.98C 
Garlic extract 12.01 ± 0.06u 22.01 ± 0.01p 27.01 ± 0.04m 32 ± 0.03i 39.01 ± 0.03e 26.4 ± 9.5D 
Radish extract 
11 ± 0.06v 17.0 ± 0.03s 21.02 ± 0.01q 29 ± 0.05l 33.01 ± 0.03h 22.2 ± 8.2F 
Lemon extract 12.01 ± 0.06u 17 ± 0.02s 21.02 ± 0.03q 27.01 ± 0.04m 29 ± 0.04l 21.2 ± 6.5G 
Total 12.8 ± 2.5E 19.5 ± 4.2D 25.6 ± 5.5C 32.6 ± 7.6B 38.9 ± 9.9A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean.  
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Table 45: Interactive effect of treatments on reduction of nickel residues in cauliflower (%)   
Treatment Concentration                                  Mean 
 
2% 4% 6% 8% 10%  
Acetic Acid 7.06 ± 0.13nn 10.07 ± 0.02k 14.05 ± 0.14g 17.06 ± 0.31e 21.04 ± 0.03a 13.85 ± 5.1A 
Citric Acid 
5.03 ± 0.29p 7.06 ± 0.15n 11.04 ± 0.13j 14.05 ± 0.24g 18.03 ± 0.03d 11.04 ± 4.9E 
Sodium Chloride 6.01 ± 0.19o 8.04 ± 0.32m 13.07 ± 0.13h 17.06 ± 0.12e 20.06 ± 0.11b 12.85 ± 5.5B 
Sodium carbonate 
4.11 ± 0.23q 7.1 ± 0.11n 10.07 ± 0.02k 12.02 ± 0.25i 15.03 ± 0.11f 9.67 ± 3.9F 
Ginger extract 4.06 ± 0.12q 9.02 ± 0.25l 12.05 ± 0.36i 15.03 ± 0.14f 19.01 ± 0.17c 11.83 ± 5.3C 
Garlic extract 5.03 ± 0.29p 7.1 ± 0.28n 12.02 ± 0.14i 15.03 ± 0.05f 18.03 ± 0.11d 11.45 ± 5D 
Radish extract 4.06 ± 0.15q 5.86 ± 0.12o 9.02 ± 0.25l 12.02 ± 0.28i 15.03 ± 0.20f 9.2 ± 4.1G 
Lemon extract 5.03 ± 0.15p 9.02 ± 0.12l 11.04 ± 0.25j 14.05 ± 0.24g 17.06 ± 0.03e 11.24 ± 4.3DE 
Total 5.05 ± 1.03E 7.9 ± 1.3D 11.55 ± 1.5C 14.54 ± 1.9B 17.91 ± 2.1A   
Means sharing similar letter in a row or in a column are statistically non-significant (P>0.05). Small letters represent comparison 
among interaction means and capital letters are used for overall mean
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Graphical representation of heavy metals reduction in cauliflower 
 
 4.13 Effect washing treatments on reduction of lead in cauliflower 
 
 
 4.14 Effect washing treatments on reduction of arsenic in cauliflower 
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 4.15 Effect washing treatments on reduction of zinc in cauliflower 
 
 
 4.16 Effect washing treatments on reduction of nickel in cauliflower 
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4.9 Effect of day’s interval on pesticide residues in spinach 
 The statistical analysis regarding pesticide residues given in Table 46 revealed 
that pesticide residues reduced non significantly by the effect of days intervals in samples 
of spinach. 
 The mean Table 47 of pesticide residues analysis for spinach samples showed that 
pesticide residues were dissipated during day’s interval and reduced as days progressed. 
For instance, the pesticide residues showed that deltamethrin residues 2.1333 mg kg-1 
were highest in spinach samples followed by endosulfan and lowest was chlorpyrifos 
2.0367 mg kg-1at zero days. The day’s interval progression reduced pesticide residues as 
it clear from the mean Table that deltamethrin, chlorpyrifos and endosulfan was reduced 
from 2.1333 to 2.0533 mg kg-1, 1.2933 to 1.1800 mg kg-1and 2.0367 to 1.9600 mg kg-1 
respectively, during zero to twelve days interval. 
4.9.1 Discussions 
 The residues of pesticide are removed or decreased by various factors including 
the nature of the commodities, chemical properties of the pesticide applied, the day’s 
interval, application time of pesticides on vegetables and length of time by which the 
chemical compound has been contact with the vegetables (Farris et al., 1992, Holland et 
al., 1994). Different group of pesticide have also show varied attitude toward days 
interval increased because they have different physiochemical properties, dissolving 
powers, variation to deposition in soil, plant and fatty tissues of animals. 
 The pesticide are prepared with compatibility to water, all the pesticides are 
soluble in water with different capacity. The residues of pesticides are alter through many 
chemical and biochemical processes including oxidation, microbial degradation and 
hydrolysis process and physiochemical processes like absorption and volatilization. 
Therefore, all these processes are commonly leading to reduction or alteration of residues 
left on vegetables (Kaushik et al., 2009; Holland et al., 1994), commonly the residues 
may concentrate in the vegetables or final products ultimately becomes the part of 
humans which causes various diseases (Amvrazi and Albanis 2008; Guardia Ruibio et al., 
2006; Lentza-Rizos and Avramides, 2006; Lentza-Rizos and Kokkinaki, 2002; Cabras et 
al., 2000; Cabras et al., 1998; Cabras et al., 1997a; Holland et al., 1994; Cabras et al., 
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1993; Leandri et al., 1993; Ferriera and Tainha, 1983). As the day’s interval progressed 
the dissolution of pesticides residues takes place and generally that is related to water 
solubility of residues of pesticide. Moreover, other factors which also affect the residues 
of pesticide including the composition of pesticide applied, spraying method and time, 
temperature of the environment and initial concentration of the pesticides applied. 
As day’s interval progressed the number of pesticides undergoes polymerization and 
degradation due to process of heating. These types of reactions may speed up greatly in 
liquid phase. The compounds of pesticides residues which are thermally unstable may 
significantly reduce by the formation of their respective degraded products upon heating. 
The hydrolysis process may be the one of the basic mechanism in which most of the 
pesticide residues hydrolyzed as day’s interval progressed depending upon many factors 
like pH, moisture contents, temperature and concentration of pesticide applied. Moreover, 
the oxidation may be another reason to reduce or degraded the pesticide residues due to 
oxidation with oxygen or air during day’s interval progressed depending upon the nature 
and composition of the pesticide residues in vegetables. Commonly the process of 
degradation of residues of pesticides through oxidation is affected by factors like 
exposure of vegetables with temperature and air. 
 The present results are fairly supported with the previous finding of Rasmusssen et al 
(2003) who found that pesticide residues reduced significantly during storage. The results 
of present study are fairly in line with the findings of fenoll et al. (2009) who determined 
the pesticide residues in peppers. The result of present study in line with the findings of 
Abou-Arab (1999) who studied that yoghurt manufacturing of spiked milk and 
refrigeration storage for 3 days caused a gradual loss of HCH levels by 1.4–8.9%.  
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Table 46:  Mean squares for effect of day’s interval on pesticide residues in spinach 
 
SOV DF Deltamethrin Chlorpyrifos Endosulfan 
Days 4 0.00329NS 0.00627NS 0.00282NS 
 Error 10 0.00116 0.00275 0.00111 
Total 14    
* = Significant (P< 0.05); ** = Highly Significant (P<0.01); ns= Non-Significant 
 
 
Table 47: Mean values for dissipation of pesticide residues in spinach (mg/kg-1) 
 
Pesticide 
residues 
Storage days (mg/ kg-1) 
 0 days 3 days 6 days 9 days 12 days 
Deltamethrin 2.1333a 2.1300a 2.1133ab 2.0900ab 2.0533b 
Chlorpyrifos 1.2933a 1.2800a 1.2667ab 1.2300ab 1.1800b 
Endosulfan 2.0367a 2.0300a 2.0200ab 2.0033ab 1.9600b 
Means carrying same letters are significantly identical 
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  Graphical representation of pesticide residues dissipation by day’s interval in spinach  
  
 
     4.17 Effect of days on residues of deltamethrin in spinach  
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     4.18 Effect of days on residues of chlorpyrifos in spinach 
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     4.19 Effect of days on residues of endosulfan in spinach
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4.10 Effect of day’s interval on pesticide residues in cauliflower 
 The mean square analysis regarding pesticide residues given in Table 48 revealed 
that pesticide residues reduced non significantly as days intervals progressed in samples 
of cauliflower. 
 The result regarding effect of day’s interval on pesticide residues in cauliflower 
samples are given in Table 49 showed that the pesticide residues were dissipated during 
day’s interval and reduced as days progressed. For instance, the pesticide residues 
showed that deltamethrin residues 1.9133 mg kg-1 were highest in cauliflower samples 
followed by endosulfan and lowest was chlorpyrifos 1.2333 mg kg-1at zero days. The 
day’s interval progression reduced pesticide residues as it clear from the mean Table that 
deltamethrin, chlorpyrifos and endosulfan was reduced from 1.9133 to 1.8300 mg kg-1, 
1.2333 to 1.1467 mg kg-1and 1.3200 to 1.2633 mg kg-1 respectively, during zero to twelve 
days interval. 
4.10.1 Discussions 
 The pesticide residues may be reduced or alter due to transformation of chemicals 
by enzyme that is mainly the biotic processes mediated by microorganisms and plants. 
The microbes have the tendency to break the residues of pesticides it happened when 
bacteria, fungi and other microbes consume pesticides along with other commodities. 
Microbial activity is speed up at temperature 10-45oC along with air, moisture and 
neutral pH. Frequently a number of pesticides undergo degradation, polymerization and 
reactions by heating. These reactions may proceed at greater rate in liquid phase. Thermal 
unstable compounds of pesticide residues may significantly reduce by the formation of 
their degraded products by heating. Moreover, residues of pesticide are may be decreased 
by the process of penetration in fruits and vegetables. The basic factors which affect the 
process of penetration of residues of pesticide are the physiochemical properties of 
pesticides including the systemic action, molecular weight and concentration and 
formulation applied. At some degree, all the pesticides are susceptible to photo 
degradation. The residues of pesticide may be affected by the intensity and spectrum of 
sunlight, characteristic of pesticides and exposure period of pesticides. 
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The residues of pesticide in cauliflower alter by many factors which are product nature, 
behavior of pesticide applied, the day’s interval, pesticides application and length of time 
on vegetables (Farris et al., 1992, Holland et al., 1994). The pesticides are show different 
behavior due to many chemical and biochemical processes including hydrolysis, 
oxidation and volatilization. Although these processes usually are leading to reduction of 
any residues left on vegetables crops (Kaushik et al., 2009; Holland et al., 1994). 
Moreover the process of dissolution along with formulation of pesticide residues, 
temperature of the environment, initial concentration of the pesticide applied may be the 
reason to alter the residues of pesticides in cauliflower. Hydrolysis may be one of the 
basic processes of most pesticides reduction through the different mechanism. Most of 
the pesticide residues may be hydrolyzed during days progressed depending upon the 
moisture contents of spinach, pH, temperature and pesticide concentration.  
Singh and Kavadia  
 Singh applied endosulfan @ 0.05, 0.10 and 0.20% on cauliflower and observed 
the reduction from 51.24 to 97.90 per cent on 0 day. The present results are fairly 
supported with the previous finding of Raha et al. (1993) who found that 51% reduction 
of endosulfan residues in vegetable brinjal. The present results are in agreement with 
earlier results of Raha et al. (1993) who reported 74% reduction of endosulfan from 
brinjal fruits on 0 day on which endosulfan was applied @ 0.05%. Singh applied 
endosulfan @ 0.05, 0.10 and 0.20% on cauliflower and observed the reduction from 
51.24 to 97.90 per cent on 0 day. Washing removed 30.62 percent residues of endosulfan 
from tomato by washing by Pala and Bilisli, (2006). Thus present findings are in 
confirmation with the earlier reports. The results presented in this study are supported by 
the finding Cabras, et al. (1998) who also found that the pesticide residues reduced with 
the passage of time. The results regarding decline in residue of pesticides through days 
interval progressed are in line with Dikshit et al. (2003) who found the effect of days of 
pesticide residues. 
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Table 47: Mean values for effect of day’s interval on pesticide residues in 
cauliflower 
 
SOV DF Deltamethrin Chlorpyrifos Endosulfan 
Days 4 0.00376NS 0.00389NS 0.00178NS 
 Error 10 0.00163 0.00189 0.00172 
Total 14    
* = Significant (P< 0.05); ** = Highly Significant (P<0.01); ns= Non-Significant 
 
 
Table 48: Dissipation of pesticide residues in cauliflower (mg/kg-1) 
 
Pesticide 
residues 
Storage days (mg/ kg) 
  0 days 3 days 6 days 9 days 12 days 
Deltamethrin 1.9133a 1.9100a 1.9033ab 1.8700ab 1.8300b 
Chlorpyrifos 1.2333a 1.2300a 1.2133ab 1.1867ab 1.1467b 
Endosulfan 1.3200a 1.3200a 1.3167a 1.2967a 1.2633a 
Means carrying same letters are significantly identical 
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  Graphical representation of pesticide residues dissipation by day’s interval in cauliflower 
 
     4.20 Effect of days on residues of deltamethrin in cauliflower 
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     4.21 Effect of days on residues of chlorpyrifos in cauliflower 
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     4.22 Effect of days on residues of endosulfan in cauliflower
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CHPATER-5 
SUMMARY 
 The pesticides and heavy metals are toxic and accumulate in different parts of the 
food crops that lead to various problems in human health. Since the dietary intake of 
contaminated food contribute significantly in the builds up of pesticides and heavy metals in 
the body and their detrimental impact becomes apparent only after several years of exposure. 
Regular inspection and monitoring of these pesticides and heavy metals in food stuff, 
industrial effluents and waste water is essential to prevent the contamination of food chain 
from these toxins. Keeping in view persistent nature and cumulative behavior as well 
potential toxic effects of pesticides and heavy metals as a result of consumption of 
vegetables, there is a dire need to test and monitor these contaminants and to find out the 
most efficient way to get minimized these within food chain especially in vegetables. So the 
present study has been designed to determine the pesticide residues and heavy metals in two 
vegetables (cauliflower and spinach) collected from different districts of Pakistan, compared 
the residues with their respective maximum residue limits (MRLs) and explore the efficiency 
of chemical and biological solutions to reduce the residues of pesticides and heavy metals.  
 In first phase, two vegetables spinach and cauliflower were collected from farmer’s 
field grown around the three districts Gujranwala, Faisalabad and Multan. The vegetables 
samples were taken from different districts and analyzed for pesticide and heavy metals 
residues. The residue of pesticides including deltamethrin, permethrin, cypermethrin, 
profenofos, triazophos, chlorpyriphos, bifenthrin, endosulfan and dimethoate were observed 
in different vegetables samples. On other hand, heavy metals such as nickel, lead, zinc, 
copper, arsenic and mercury were also detected in different vegetables samples. The results 
obtained were compared with their maximum residues limits (MRLs). In second phase, two 
vegetables spinach and cauliflower were grown in the experimental field of Chak No. 217 
RB, Faisalabad Pakistan. Each vegetable was grown in a separate plot where known quantity 
of selective pesticides deltamethrin, cypermethrin, chlorpyrifos and endosulfan was applied. 
One kg sample of each vegetable was obtained at the time of optimum maturity and were 
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analyzed for pesticide residues in order to determine the effectiveness of processing 
techniques.  
 The pesticide residues in spinach and cauliflower samples collected from farmer 
fields of different districts showed significant differences in residues due to the nature of 
pesticides and farmer fields. Likewise significant differences in residues were observed 
owing to difference in sources of heavy metals contamination and farmer fields. The highest 
pesticide residues permethrin, followed by deltamethrin, endosulfan, cypermethrin, 
triazophos, profenofos, chlorpyriphos, bifenthrin and dimethoate was found in cauliflower 
samples collected from farmers’ fields of district Gujranwala. Similarly, the samples 
collected district Faisalabad, profenofos residue was significantly highest and permethrin was 
the lowest. In case of district Multan, the deltamethrin residue was found significantly 
highest followed by cypermethrin, chlorpyriphos, profenofos, dimethoate, triazophos, 
endosulfan, bifenthrin and permethrin, respectively. In spinach samples the highest residue 
was found chlorpyriphos followed by cypermethrin, endosulfan, dimethoate, bifenthrin, 
deltamethrin, profenofos, triazophos and permethrin collected from farmer fields around 
district Gujranwala. Moreover, the samples collected from farmers’ fields of Faisalabad 
showed bifenthrin was significantly highest while triazophos residue was lowest. Likewise 
the residue of endosulfan was significantly found highest followed by cypermethrin, 
deltamethrin, chlorpyriphos, permethrin, profenofos, triazophos, dimethoate and bifenthrin in 
spinach samples collected from district Multan.  
 The results showed significant variation in heavy metals residues in samples of 
cauliflower and spinach. Additionally, highest residues of Zn within cauliflower sample 
collected from Gujranwala, Faisalabad and Multan as 4.517 mg kg-1, 1.734 mg kg-1 and 
7.448 mg kg-1. Likewise maximum nickel residues (2.326 mg kg-1), 3.434 mg kg-1 and 2.793 
mg kg-1 were found in spinach collected from Gujranwala, Faisalabad and Multan 
respectively.   
 The washing of the vegetables with water removed most of the pesticide residues 
adhered to the surface of vegetables. The pesticide residues present in vegetables are 
eliminated through different washing treatments. The variation in reduction of pesticide 
residues during washing operation has been observed in the present study which may be due 
to differences in the behavior of washing treatments because of nature of chemicals. It was 
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observed that the lowest reduction of deltamethrin residues (10.21±0.58%) was recorded 
when 2% radish extract was applied to spinach. The spinach treated with 10% acetic acid 
yielded the maximum reduction of deltamethrin which was (79.68±0.81%) Likewise, the 
lowest reduction of cypermethrin residues (22.60±0.51%) was recorded when 2% radish 
extract was applied to spinach and 10% acetic acid yielded the maximum reduction of 
cypermethrin (89.99±0.12%). Moreover, the lowest reduction of chlorpyrifos residues was 
found (22.95±0.02%) when spinach was subjected to 2% radish extract and 10% acetic acid 
gave up the highest reduction of chlorpyrifos (94.21±0.02%). The spinach treated with 10% 
acetic acid possessed the highest reduction of endosulfan (70.32±0.25%). 
 In case of cauliflower, it was observed that the lowest reduction of deltamethrin 
residues (15.80±1.32%) was recorded when 2% radish extract was applied. The cauliflower 
treated with 10% acetic acid yielded the maximum reduction of deltamethrin (72.63±1.73%). 
Moreover, the lowest reduction of cypermethrin residues (24.03±1.90%) was recorded when 
2% radish extract was applied to cauliflower and treated with 10% acetic acid yielded the 
maximum reduction of cypermethrin (79.13±0.76%). Likewise, it was observed that the 
minimum reduction of chlorpyrifos residues (23.37±1.04%) was recorded when 2% radish 
extract was applied to cauliflower and treated with 10% acetic acid yielded the maximum 
reduction of chlorpyrifos (85.47±1.73%). However, the lowest reduction of endosulfan 
residues (20.33±0.14%) was recorded when 2% radish extract was applied to cauliflower and 
10% acetic acid yielded the maximum reduction of endosulfan 68.93±1.56%.  
The washing of vegetables with tap water and household chemical/biological solutions not 
only remove the dirt and dust particles but also reduced the residues of heavy metals 
significantly. Likewise the heavy metal residues reduced significantly when the spinach was 
subjected to washing treatments and residues of lead declined varying from 7.99 to 32.96%, 
arsenic 7.03 to 26.8, zinc 10.0 to 57.0%, nickel 9.0 to 29.0%, respectively whilst in 
cauliflower lead vary from 7.0 to 23.02%, arsenic 7.02 to 25.01%, zinc 11.0 to 60.0% and 
nickel 4.03 to 21.04% respectively irrespective to washing treatments. 
 The spinach treated with different washing showed maximum reduction in pesticides 
organophosphate group (chlorpyrifos) followed, pyrethroids (deltamethrin and cypermethrin) 
and the lowest reduction was recorded in organochlorine (endosulfan). The organophosphate 
and pyrethroids groups have shown more reduction in their residues because of their 
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physiochemical properties and dissolving power as compared to organochlorine group. The 
organochlorine group has long biological half live and has the tendency to deposit in soil, 
plant and fatty tissues of animals. The cauliflower treated with different washing showed 
maximum reduction in pesticides organophosphate group (chlorpyrifos) followed by 
pyrethroids (deltamethrin and cypermethrin) and the lowest reduction was recorded in 
organochlorine (endosulfan) pesticides. The present results indicated that acidic solution 
containing acetic acid showed the highest reduction of pesticide residues as compared to 
citric acid because acetic acid acts as chelating agent and this makes the pesticide residues 
unavailable. The salt solution with sodium carbonate reduced more pesticides as compared to 
sodium chloride. The biological extracts of ginger also showed more reduction of pesticide 
residues as compared to other treatments because it has active ingredient gingrol which binds 
with the pesticide residues. As a comparison there was more contamination in spinach as 
compared to cauliflower in both cases pesticide and heavy metal residues. This was due to 
differences in their morphology and physiological in terms of heavy metal uptake, exclusion, 
foliage, accumulation and retention efficiency. The leafy vegetable like spinach accumulate 
much higher contents of heavy metals as compared to other vegetables because leafy 
vegetables are more exposed to environmental pollution due to large surface area.  
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CONCLUSIONS 
The importance of this research work is to create awareness among producer and consumers 
about food safety and quality and its hazardous effects on health by documenting the residues 
of pesticide and heavy metal contamination in spinach and cauliflower irrigated in sewage 
water grown in the peri-urban system of different districts of Pakistan. Additionally, the 
effectiveness of chemical and biological solutions to reduce the residues of pesticides and 
heavy metals has also been explored in the current research. The vegetable samples are found 
to be contaminated with a number of different pesticides and these pesticides are not applied 
judiciously according to good agricultural practices and recommended doses. The farmers are 
unaware of pesticide use and other agricultural practices due to lack of extension services. 
The samples of spinach and cauliflower collected from farmer’s field of different districts 
were contaminated with a number of pesticides and heavy metals. The pesticide residues 
deltamethrin, permethrin, cypermethrin, profenofos, triazophos, chlorpyriphos, bifenthrin and 
endosulfan were found commonly with different concentration in spinach and cauliflower. 
Among these pesticides, many of them exceeding their maximum residues limits (MRLs), 
prescribed by FAO/WHO in both spinach and cauliflower. The nickel, lead, zinc, copper, 
arsenic and mercury were also usually occurring heavy metals in spinach and cauliflower, in 
few samples, the residues of lead, nickel, arsenic and mercury exceeded above their MRLs. 
The wastewater is the single largest contributor of heavy metals accumulation in vegetables. 
In the present study, the effects of washing on residues of pesticide and heavy metals in two 
vegetables were studied. In conclusion, pesticide residues studied in the two vegetables were 
reduced by various degrees, depending on the behavior and physiochemical properties and 
the specificity of chemicals used for washing preparation. Washing vegetables with the 
chemical reported here enhances the removal of pesticide residues from produce more than 
that of washing with water alone. Among the washing solution treatments, the 10 % acetic 
acid washing solution was found to be most effective in reducing the pesticide residues 
which was due to the high degree in the pesticide degradation. Furthermore, it was seen that a 
solution of the underutilized biological washing including garlic, ginger, radish and lemon is 
capable of removing the residues efficiently in a cost efficient and safe manner. The washing 
of vegetables with tap water and household chemical/biological solutions not only remove 
the dirt and dust particles but also reduced the residues of pesticide and heavy metals 
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significantly. The pesticides residues were significantly reduced more as compared to heavy 
metals when vegetables were subjected to different washing treatments because the 
pesticides have more dissolving power and their compatibility with water is more than heavy 
metals. All the washing chemicals showed significant reduction of pesticide and heavy 
metals in spinach and cauliflower. Among all washing treatments the acetic acid exhibited 
the maximum reduction of both pesticide and heavy metals residues in spinach and 
cauliflower. 
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RECOMMENDATIONS 
The pesticides should be applied judiciously according to good agricultural practices, using 
only the recommended doses. The farmers are most susceptible to exposure of pesticide and 
its poisoning due to high rate of illiteracy and low socio-economic status of farmers, 
awareness must be followed by different extension services to farmers at household level so 
that these health hazards can be minimized. The vegetables must not be grown with sewerage 
water that should be disposed after suitable treatment. For this purpose law should be passed 
by the government obliging the big industries to establish their own waste water treatment 
plants while small industries should be grouped to cluster to established common waste water 
treatment plants. The waste water standards for heavy metals should be established and 
guideline should be developed for the reuse of waste water and the industries should be 
allowed to dispose their waste water in to the canals. The government and industries should 
pay attention to improve their waste water treatment methods which also consider heavy 
metals. So that soil is be exposed to minimum amount of heavy metals. The vegetables must 
be washed carefully before cooking to decrease the intake of residues of pesticides and heavy 
metals. At household level the vegetables must be washed with tap water as well as chemical 
treatments like acetic acids, citric acids, alkaline treatments sodium chloride, sodium 
carbonate, biological extracts garlic, ginger, lemon and radish in order to reduce the residues 
of pesticides and heavy metals. 
The demand for vegetables in Pakistan is constantly increasing to feed growing population. 
Pakistan is the largest producer of vegetables and these are produced throughout the year. 
Vegetable crops are contaminated by the pesticides belonging to organochlorine, 
organophosphate and pyrethroids groups.  These results are expected that could be used for 
decision making policies for the appropriate management of pesticide and heavy metals in 
vegetables by ages in Pakistan. The export of vegetables in developing countries is increasing 
by reducing these toxic residues through application of washing techniques thus economy of 
Pakistan will boost up day by day. The agricultural department could help in further 
educating the farmers regarding safe use of pesticides. The sprayers belongs to poor segment 
of the society will learn safest way to spray pesticide on vegetable crops which will help to 
157 
 
improve their health and productivity. The production technology transferred to farmers will 
help to get rid of contaminants in vegetables which will ultimately help to minimize 
contaminants in vegetables below MRLs specified by FAO. The population will be 
safeguarded against ill-effected of contaminants in vegetables. Farmer’s labor productivity 
and overall social welfare of the society will improve through reduction of health costs. 
Awareness about the risk of pesticide use and its health implications will be created to 
minimize growing human health hazards. 
FUTURE PROSPECTUS 
Much research work has been carried out for the determination of residues of pesticides and 
heavy metals in vegetables but little work has been done to mitigate these residues in 
vegetables by different washing techniques. As an outcome of this study, it is suggested that 
still sincere efforts are required to explore the mechanism of mitigating the residues of 
pesticide and heavy metals in vegetables grown in Pakistan and developing awareness about 
these washing techniques. The present study will provide in depth knowledge including 
constraints in the adoption of moderate use of chemicals and relative economic profitability 
of two production systems (Production system with moderate and high amount of chemical 
use). The economic component of this study will use the generated information for capacity 
building of farmers so that they can produce vegetables with judicious use of pesticide 
without losing profit.  
The monitoring/evaluation system should be introduced in developing countries regarding 
permissible levels of these type of pesticides and these crops should not treated with purely 
sewerage water. The rules and regulation should be applied in all country and awareness 
regarding toxicity of pesticides should be created among the farmers and also to consumers. 
The present research project has uniqueness in a sense that wide range of vegetables in 
different regions of Punjab province at various maturity levels has been selected for broad 
range of pesticide residue analysis. In addition to that in the present project the technologies 
to contain the pesticide residues will also be devised and disseminated to the masses.  
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LIMITATIONS 
 During survey and procurement of samples, farmers are reluctant to deliver correct 
informations and they don’t want to get knowledge regarding food safety issues and 
health point of views. 
 During analysis, energy crises and low voltage electricity caused damage to 
equipments and ultimately disturbed results and data. 
 During collection of samples when traveling from one district to other, problem 
regarding storage has also been challenged owing to shortage of cold facilities in 
summer season.   
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